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Abstract-. The condensation of some cycloalkancs with carbon monoxide under prc~ure, in the 
presence of AICl, at normal or slightly higher ~crnperaturc has been investigated. Cyclopenlane 
leads IO cyclopcntanccarboxylic acid. Mcthylcyclopentanc yields the same products as cyclohcxane. 
namely cyclohcxanecarboxyli acid and 2-mcthykyclohcxanonc. From mcthykyclohcxanc. cyclohcxyl 
methyl ketone is obtained together with a mixture of crone-2-methylcyclohenanagrboxylic acid 
with the 3- and/or Cmethyl isomers. From decalin. rranr-rronr-l-dccalin-carboxylic acid and ~ranr- 
hcxahydro-z-bcnrosuhronc arc produced. The mechanism of these reactions is d&usscd. 

IT was established during 1931-1936 l 3 that saturated hydrocarbons CxHy react with 
carbon monoxide under pressure in the presence of aluminium chloride at normal or 
slightly elevated temperature, yielding three kinds of products: (i) acid C,H,_,COOH; 
(ii) lower ketone Cx. tH,O; (iii) higher ketone (C,H, ,)sCO. 

The reaction has been applied to the following hydrocarbons: (Table 1). 
Alkanes. Propane, 4-4 n-butane,a isobutaneV3 n-pcntane,tu’ isopentane,r.7 n-hcxancr 

and isohexancs.” 
Cycloalkanes. Cyclohcxane.‘~‘~7~e 
In order to explain this reaction. a mechanism was suggesteds+eo involving the 

intermediate formation of the formyl cation as in the Gattermann-Koch reaction. 
This explanation was adopted in most reviews and monographs describing the 
reaction between alkanes and carbon monoxide.rO 

But, as shown reccntly,4 a different mechanism involving the reaction between 
carbon monoxide and a carbonium ion generated by the hydrocarbon under the 
influence of the catalyst, is much more probable. 

l Part XXVII: A. T. Balaban and C’. D. Nen~~~cscu. Lirbi8s Ann. 625. 74 (1959). 

’ H. Ho@. &r. Drrch. Chcm. Grr. 64, 2739 (1931). 
’ H. Hopff. Rrr Duch. Chrm. Gn. 65,482 (1932). 
*H. HopfT. C. D. NeniUucu. D. A. I&xcu and 1. P. Canlunisrl. &r. Dfsch. Chrm. &J. 69. 2244 (1936). 
’ H. Pmcs and V. N. IpalkfT. J. Amrr. Chrm. Sot. @. 1337 (1947). H. Piwand V. N. Iptie!T. U.S. Pal. 

2.346.701 (1944); Chrm. Ahsrr. 38. 6302 (1944). 
@H. HopfT. Anffrw. Chrm. 60. 218. 245 (1948). 
@ A. f. Ralaban and C. D. Ncmwscu. II‘cbwJ Ann. 62% 66 fl9S9). . . 
‘H. IlopfT. Gcr. Pal. 512.718 (1927): Chrm. Zmrr. I. joO7‘(193i); 52O.IU (1927); /bid. I. 3060 (1931); 

J35.2S4 (1928): /bid. I. IIS (1932). 
’ K. Scharpcnbcrg. &mnsroffchcmir 36. 346 (1955). 
*C. 0. N&xscu and D. V. Curdnunu. Be?. Dtsch. Chum. G’n. 71. 2063 (19381. 

I* C. A. Thomas, Anhvdrous Aluminum Chlorldr in Orgonlc Chrmisrry d. 765. ‘R&hold. New York (1941). 
J. Schmtdl. L)crs Ko&toxyd (2nd Ed.) p. 251. Leipzrg 19x): 
R. C. Fuson. Adtwncrd Orpntc Chrmi>rr,v p. 188. John Wlky. New York (1950); 
9. T. Brooks. Thr Chemistry of h’onbmrmnoid ffydrocorbonr Reinhold, New York (1950); 
F. Aringer. Chrmir und Trchnolop der Paro~n-KohCnwaurrsIo~e p. 561. Akadcrnic Verlag. BerIm 
(1956); 
M. Orchin and I. Wender. Cafa!ws (EdIted by P. H. EmmclI) Vol. 5. p. I. Reinhold, New York (1957). 
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This new mec~nism when applied to cyclohexane leads to the following scheme: 

III 

In fact, the lower ketone obtained in this reaction from cyclohexaner~s is indeed 

2-methylcyclohexanone, but the acid simultaneously formed is not I-methyl- 
cyclopentanecarboxylic acid corresponding to the ions II and III, but instead cyclo- 
hexanecarboxylic acid, corresponding to the ion I. 

In order to gather more expe~mental data, the reaction was applied to the 
following cycloalkanes : 

1. The condensation of carbon monoxide with cyclohexune confirmed the resultsf 
that the acid produced is mostly cyclohexanecarboxylic acid. 

2. The reaction of methyZcycZopentune yields the same products in nearly the same 
amounts as in the previous case. 

3. The reaction of cyclopentane requires heating at 70° and affords cyclopentane- 
carboxylic acid and dicyclopentylketone (as the higher ketone). Theelower ketone is 
present only in traces. 

4. Methylcyclohexune readily reacts at room temperature, yielding in appreciable 
amount cyclohexyl methyl ketone. The acid formed is a mixture of isomeric acids 
CsH,,O,, which by partial esterification and hydrolysis may be separated into two 
nearly equal fractions. The fraction difficulty esterified and hydrolysed is tram-Z 
methyl-cyclohexane~arboxyli~ acid; the other fraction, with higher melting amide, 
probaby is a mixture of 3- and 4-methyl-cyclohexanecarboxylic acids. 

5. Particularly interesting is the reaction of decaiin with carbon monoxide which 
proceeds smoothly at room temperature, giving ~rans-tran~-1-Devon-~rboxy~c acid 
and trans-hexahydro-a-benzosuberone. 

DISCUSSION OF THE RESULTS 

Alkanes and cycloalkanes possessing tertiary carbon atoms react at room tempera- 

ture and yield all three types of products i-iii. The hydrocarbons which have only 
primary and secondary carbon atoms and which cannot acquire tertiary carbon atoms 
by isomerization, such as propane and cyclopentane, react at temperatures above 60“ 
and do not yield lower ketones (ii) because these are probably destroyed under 
existing conditions. 

The reactions have an induction period, easily observed in the case of methyl- 
cyclohexane or decalin which react at room temperature. The effect of water addition 
to the reaction mixture (as the crystalohydrate AlCI,~6H,O) results in a reduction of 
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the induction period, an increase in acid yield and the formation of unsaturated 
products and gums. 

The non-acid higher fractions are a complex mixture of higher ketones (iii), 
condensation products of the ketones (ii) and (iii), condensation products of aldehydes 
eventually formed by hydride-ion reduction of acyl cations, and dimeric hydrocarbons 
resulting from dehydrogenation. This renders difficult the isolation of pure substances, 
therefore the higher ketones (iii) have been isolated only when the lower ketone is 
formed in minute amounts (propane6 and cyclopentane). 

Table 1 groups the structures and approximate yields (mole %) of the reaction 
products obtained from paraffinic hydrocarbons and carbon monoxide under pressure 
in the presence of aluminium chloride. 

MECHANISM OF THE REACTION 

The identity of products obtained from cyclohexane and methylcyclopentane 
(No. 8), proves that in this case isomerization is more rapid than condensation with 
carbon monoxide. On the other hand, reactions No. 2 and 3 yield different acids and 
higher ketones, indicating that the isomerization 

Cl-!,&KH,G-l, y (CH,),@ 

is slower then the reaction with carbon monoxide. 
The mechanism previously proposed6 is in good agreement with the formation of 

the lower ketone obtained in all these cases: 

6 __“,B ._ 6 _ +cp “SfO _,cHP* ~-cH3~~,Q r ;5;“‘ ’ 

P m 

The rearrangement of tertiary acyl cations to lower ketones always yields the least 
tensioned possible ring. From III a six-membered ring is formed by expansion; 
IV already has a so-mem~red ring and conserves it by methyl mi~ation; while V 
can by no means yield a 5- or 6-membered ring and therefore expands its cycle to a 
7-membered ring. * 

* Xt is supposed that hexahydr~a-~~o~~rone is formed through V and not through VII (although 
the latter is common both to the acid and the lower ketone formed from decalin) since VII ought to yield in 

co” 

comparable amounts hexahydro-a-benzosuberone as well as -p-, and since no p-derivative is formed. 
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The mechanism, however, does not account for the structure of the acids obtained 
in casts No. 2, 4. 8. 9. IO, since these arc predominantly secondary (arising therefore 
from secondary carbonium ions)+ though all lower ketones are dcrivcd from tertiary 
carbonium ions. The only instances when both the acid and the lower kctonc originate 
in the same carbonium ion arc isobutanc (No. 3) which can form a tertiary but no 
secondary carbonium ion, and propane and cyclopcntane (Nos. 1 and 7) lvhich can 
form only secondary carbonium ions. 

The formation of secondary carboxylic acids is surprising for two reasons: 
Firstly, tertiary alkyl carbonium ions are more stable than secondary ions and 

ought thercforc to bc favoured. Secondly, as Koch” rcccntly discovcrcd, on treating 
alkcncs or alcohols with anhydrous formic acid in the presence of conccntratcd 
sulphuric acid, tertiary carboxylic acids and no secondary acids or ketones are 
obtained. For this reaction a mechanism was proposed” essentially identical with the 
mechanism suggested6 for the reaction of alkancs with CO in the prcscncc of AICl,.12 
It is evident that the mechanism of these two reactions must be difl’crcnt in order to 
account for the formation of diffcrcnt reaction products. 

It was suggcstcd13 that mixed anhydrides of tertiary carboxylic acids with sulphuric 
acid and not free tertiary acyl cations arc involved in Koch’s reaction. This idea seems 
logical, since the anion HO -SO,- 0 ’ is a stronger nuclcophilc than AICI,‘~;. The 
greater stability of tertiary acids under these conditions may be thus explained, but 
unfortunately the existence of such mixed anhydrides has not yet been cxpcrimentally 

proved. 
The mechanism of the reaction between alkanes or cycloalkancs and carbon 

monoxide can be interprctcd starting from a theory developed by Haddelcy” for the 
explanation of certain anomalous isomcrizations of alkyl groups in the Fricdcl- 
Crafts reaction applied to higher alkyl halides.7 According to this author, equilibria 
between all forms of alkyl carbonium ions (energetically possible) arc established in 

the prcsencc of AICI,, by Alk” or H ‘2 shifts. In these equilibrium mixtures. tertiary 
carbonium ions will bc present in far larger concentrations than secondary carbonium 
ions, because the former are more stable, but secondary carbonium ions arc postulated 
to react more rapidly than tertiary ones. 

In addition, a new feature must bc taken into account, namely, that tertiary acyl 

l 7%~ proportion of tertiary acids contamed in the secondary acids may hs qual~tac~vcly mfcrrcd: with 
No. 2 the tcrtmry acid 1s formed ,n amounts large enough to lrllow Isolation; with So. 8 isolation is not 
powihlc but the tcrtwy acid deprcsscs substantially the mcltmg pomt of the crude amldc: and wth TGo. 10. 
the amount of tcnwy acid IS ncghgiblc. the crude anudc bcmg almost pure. 

? An altcrnatrvc theory which ts bcttcr supported by cxpcrimcntal data explains these anomalous 
Frlcdcl. Crafts reactions on the basis of a nculy dwovcrcd rearrangement of phcnyl-alkancs. independent of. 
and subscqucnt IO. the Fricdcl-Craftr reaction. *’ As vet no evidence of a similar isomcrirat~on of carboxyltc 
acids m the prcscncc of alummlum chloride bcmg a&lahlc. Raddclcy’s theory is the best ahcrnativc for the 
enplanatlon of the structure of acids formed in the rcactlon between alkana or cycloalkanes and carbon 
monoxide 

II H. Koch. Brmnrroffchcmir 36, 321 (1955); Fcllc. Sri/. Anrrr~chmtrrclS9, 493 (1957); Ric. Combwt. 10, 
77 rI9Sh); 
11. Koch and W. Ilaaf, Angew. Chcm. 70. 311 (1958); L.irb1g.r Ann. 618, 254 (1958). 

I* J. R. Roland, J. 1) C. Wtlson and W. E. Hanford. /. Amer. Chrm. Sot. 72. 2122 (1950). 
H’. Iianford and D. 1:. Sargent. Organic Chrmlstry. An Adwnrcd %rarisc (Edned by H. Gilman) Vol. IV. 
pp. 1001~1019. John Wile);. New vork (1955). 

1’ 1. ‘I’. Eldus and K. V. Pusytsky. Procrrdtngs oJ~bmmunrco~lonrprercnrtdat :hc 8rh Men&lec~ Congress of 
Gcnrral nnd Applied Chcmirtr,v. Organic Chcmlsrry and Tcchnokqy Section p. 113. Ed. Acad. SCI. 
L;.s.s R.. Moscow (19%). 

I’ G. Hnddclcy. Quarr. Xrr. 8, 355. 366 (1954). 
MC. D. Scnwexu, 1. NUSO~J. A. Glatz and M. LaIrnan. Chcm. Etr. 92, IO (1959). 
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cations arc formed reversibly from carbon monoxide and tertiary alkyl carbonium 
ions. At normal pressure decarbonylation is favoured; furthermore, thcsc tertiary 

acyl cations may undergo rcarrangcment.6 
The complex picture cmcrging from these considerations may bc summarized as 

follows. Water-activated aluminium chloride abstracts hydride ions from mcthylcne 
and methine groups yielding secondary and tertiary alkyl carbonium ions; thcsc are 
subscqucntly undergoing hydride or alkyl shifts, hydrogen ion eliminations and 
reaction with carbon monosidc. The latter reaction yields acyl cations; when 
secondary. these arc stable and irrcvcrsibly formed, but when tertiary, they dccomposc 

reversibly. or rearrange to lower ketones. Thus, the acids present in the final reaction 
mixture will be predominantly secondary. while the lower ketone will be exclusively 
derived from tertiary acyl cations. The higher kctoncs arc formed by acylation (with 
secondary and tertiary acyl cations) of the olcfins resulting by hydrogen-ion climina- 
tion, and will generally be complex mixtures. The rclativc concentrations and rates of 
isomcrizAtion and carbonylation of tertiary and secondary alkyl carbonium ions arc 
too complex to be fully understood at present. 

The following qualitative scheme accounts for the structure of the acid and lower 

kctonc : 

R’ Cl-l- CH’ ,:-r R’ Cl-l, c’ 
,R k-1 ‘R 

k, 1 AN’I, 

R'CH CHR, . co-R&H CHR’. Go,? R,CH CHR’. COCI . AICI, 

R’CH CR, H5’ 

k, 
R’CH: CR, . COSR’CH, 

k-1 

h 

i AK’I,’ 

CR, COT 1 R’CH, - CR, - COCI .. AICI, 

-R’CH,:“’ 

i 

R,:- -CO- C&R’ I=+ R,C& .CO- CH,R’ 

k, .. k_,. k, .. k,. k ,%k, 

It must bc mentioned that when a stationary concentration of carbonium ions is 
achieved, intermolecular hydride shifts may occur by an ionic chain mechanism, as 
indicated by the existence of an induction period. 

EXPERIMENTAL 

All analyses were performed hy Miss I?. Sliam and Miss V. S&dulcscu. 

1. Cyclopcnranc 

A mixture of 540 g (7.7 mob) cyclopcntanc (b.p. 49-50‘) and 758 g (5.7 moles) aluminium 
chloride were introduced mto a steel autoclave with carbon monoxide comprcsscd IO I30 atm. 
At room tcmp no absorption takes place even after 72 hr. On heating to 70-EO”, I20 I NTP 
(5.3 moles) CO arc absorbed during 8 hr. The contents of the autoclave were hydrolyscd with 
ice and HCl. and extracted with ether. The organic layer was treated with IO?,; NaOH solution, 
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yielding after aciddication II4 g acid. from which 40 g b.p. 210-215”. were identified as cycle- 
penrarucorboxylic acid (4.6:: yield). For better purification it was esterifti with ethanol in the 
presence of benzenaulphonic acid. fractionated and hydrolysed with 300, F;aOH. (Found, neutral 
equivaknt. 116; C,H,,O, requires: 114). The umidc of the crude acid has m.p. 168 169” (from 
water) and after aterifmtion and hydrolysis m.p. 172’. Lit. 178’.‘* IV-178”.” (Found: C. 6368; 
H. 9.80; N. 12.38. Calc. for C,H,,NO (I 13.2): C. 63.91; H. 9.81; K;. 12.29yb). The mixed m.p. 
with an authentic sample” showed no depression. The anilide, m.p. 160’. crystallizes from dil. 
methanol. (Found: N. 740. C,,H,,NO (189.25) requires: N. 7,497,). The pfoluididc. m.p. 134’. 
ctystalhzes from methanol. (Lit.” 135’ ). 

The non-acid reaction product fractionated at normal, and also at reduced pressure. yields 
traces of lower ketone, b.p.,, 45 -55 (2.4dinitrophenylhydrazDne m.p. 143-145”. raised by recrystalli- 
zatmns from ethanol; mixed m.p. with authentic cyclohcxanone 2.4dinitrophenylhydrone 162’). 
and a fraction b.p., 85-W. which contains dicyclopenryl-ketone. purified by regeneration from its 
semicarbazone. after which treatment it did not decolourize bromine water. B.p. 251 ‘. nr I.479 
d~O9663. The scmicurboronr. m.p. 167-168”. crystallizes from methanol. (Lit. 158-162’.1’ 165”. I* 
167’ *‘). The 2,~inirrophen.vlhydrozo~. m.p. 103 ‘, crystallizes from methanol. (Lit. 103 .-104” **). 

2. cyclohexrvlc 

A mixture of 1000 g (I2 moles) qclohexam and 1850 g (14 moles) aluminium chloride absorb 
in 12 hr at 20’ IO moles CO (the absorption beginning after short heating at 60’). The mixture. 
similarly worked up, yields 52 g 2-mtrhylcyclohcxanonc b.p. lf%l67‘. The scmicorboronc has a 
m.p. 192 . (Lit. 197 *I-*’ on rapid heating). The 2.4-dinirro~k~nyl~on~. m.p. 132 , (Lit.” 
135.5 137”cor.) gave no depression with an authentic specimen. 

7he acid product (90 g), isolated as above. distilled at 20 mm yielded after a I5 g forerun. a 32 g 
fraction b.p.,. 130. 140“. containing mostly cyclohcxunccar&xylic acid. This cnrck acid gives an 
amide m.p. about I30 . Since fractionation does not allow further purification, use was again made 
of incompktc estcrifmtion and hydrolysis (the tertiary acids or the stcrically hindered secondary 
acids may be thus eliminated from secondary acids, since the former are esteriticd and hydrolysed 
much more slowly than the latter). The omi& prepared from the purifKd acid m.p. 169’ (from water), 
showed no depression with an authentic sample of m.p. 183’. (LII.” m.p. 184’.). Theunilidr. m.p. 138”. 
was pqared from the chloride of the purified acid and crystallized from aqueous ethanol. A mixal 
m.p. with authentic cyclohexanecarboxanilide m.p. 143”. (Lit.” m.p. 143-144’) showed no depression. 
(Found: N. 6.89. Calc. for C,,H,,NO (203.3): N, 6.897:). 

3. Mc~h~vlcyclopen~ane 

A mixture of I I3 g (I .4 moles) dry, olefin-free methykyclopentane in a sealed glass tube (pqarrd 
by catalytic hydrogenation of I-methylcyclopentene with ST/, Pt on charcoal. and carefully refined 
and fractionated. b.p. 72-73’) and 180 g (1.35 moles) AICI, was introduced into an autoclave. Then 
carbon monoxide at 50 atm and room temp. was introduced causing the glass tube to break and the 
hydrocarbon to react with AICl,. After 6 hr rocking at room temp. the autoclave was opened and 
the mixture worked up as before. About half of the initial hydrocarbon was ra~vered. The reaction 
product contained I.2 g unitary acid (giving amide m.p. 179-181’ and anilide m.p. 141-142‘ which 
did not depress a mixed m.p. of cycloluxanecurboxy/ic acid derivatives), and 32 g neutral product, 
of which 6 g had a b.p. 150-170”. This fraction readily yields a stmicarboIone m.p. dec. 191 192’ 
and a 2.4-dinirrophenylhydraronr m.p. 133‘. identical with the cormponding derivatives of 
2-mcrhylcyclohcxanonc. 

4. Mcrhylcyclohtxanc 

A mixture of 770 g (7.8 moles) methylcyclohexane and 810 g (6.1 moks) AICI, were treatai 
in an autoclave at room temp with CO at 150 atm. The pressure began to drop after an induction 

La C. D. Nenitzscu and I. P. Cantuniarl. &r. Drsch. Chrm. Grs. 65, 807 (1932). 
I’ W. 0. Ncy. W. W. Crouch. C. E. Rannefcld and H. L. Lochtc, 1. Amer. Chem. Sot. 65, 770 (1943). 
I’ J. von Braun. &r. Dtrch. Chrm. Cu. 67. 218 (1934). 
” C. D. Ncnitzescu and E. Cior&scu. &r. Drsch. Chrm. C’W. 69, 1820 (1936). 
” E. A. Braude and W. F. Forbwl. Chrm. Sot. 17SS (1951). 
*’ H. H. Strain, /. Amer. Chcm. Sot. S7. 760 (1935). 
‘* 0. Aschan. Lirhlgr Ann. 271, 264 (I8Y2). 
u H. W. Underwood and J. C. Gale, /. Amer. Chcm. Sot. M. 2119 (IOU). 
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period of abouI 10 hr and ceased after Ihc absorption of 7.2 moles CO. The reacIion minturc was 
worked up as before. 

DisIillation of the neutral product gave IWO main fractions. The first fraction, b.p., 60-80’ 
288 g, and a second fraction, b.p.l 120-138“. 175 g (no dcfiniIc compound could be isolated from 
IhIs second fraction; possibly iI contained sIcri~ally hindered esters of mcthyl-cyclohcxanecarboxylic 
acids, since on IrcatmcnI with cont. H,SO,. an acid mixlure was oblaincd similar to the acid reactIon 
product). The first fraction on rcfractionation at normal prcssurc yielded 22Og of a colourlcss 
liquid, b.p. 176 . which did noI dccolourizc bromim waIer. and proved to be cyclohexyl methyl 

kcronr; scmicorkvonc m.p. and mixed m.p. 176’ (Lit. 175 i’.“); 2.4-dinirrophrnylhydrazone m.p. 

T~rn.r. 2 

RccrysIallizaIion Crude I 2 3 

Solvent 
NonaIcrificd acid 
Acid from ester 

Mixed mp. 

147” 

151” 
138’ 

20”’ Ethanol Bimzcne Water 
ii9.161” 162’ 167’ 

165-170’ 170” 176’ 
142’ 142” 145” 

141° (LiI. m.p. 140’ “). The reaction with NaOBr yields cyclohexanecarboxylic acid, b.p., 100’. 
characterized through its ami& (m.p. and mixed m.p. 184’) and Mli&(m.p. and mixed m.p. 143-144”). 

The acid reaction product (49 g fracuon b.p., ltM-120”) was redissolved in 10% NaOH. cxITac(cd 
with ether to remove tracrs of non-acid products, acidified and rcfractionatcd yielding a colourkss 
liquid. b.p., 102, b.p.,” 238’. (Found: C, 67.57; H. 9.92. Neutral equivalent 143. Calc. for C,H,,O, 
(142.2): C. 67.32; H, 9.71%. Neutral equivalent 142.2. This acid was lint bclievcd IO bc uniIary 
since Ihc m.p. of the amide (m.p. l45- 146”) could not be raised by recrystallization from dil. ethanol 
but the m.p. of the amide (m.p. 145-146’) could noI be raised by recrysIallix.ation from dil. ethanol 
or benzene. (Found: C. 67.71; H. 1066; N. 9.82; C,H,,NO (141.2) requires: C. 68.04; H. 1@71; 
N. 9.927:); the anilide m.p. 112”. (Found: N. 6.72; C,,H,,NO (217.3) requires: N. 6.45%). 

The acid proved IO be a mixIurc of isomeric C,H,,O, acids and 35 g were estcrificd with eIhanol- 
benzene-C,H,SDIH, by refluxing 2 hr. This rcsuhcd in 20 g csIer b.p.,, IZI”, b.p.,- 202.‘, and IO g 
non-esrrri/edacid. b.p.” 160”. The ester was rcfluxcd 8 hr with IO?/, aqueous NaOH. the unsaponifd 
ester cxiractcd with ether, and the solution acidified. rcsuhing m I2 g acid from ester. Thcsc two 
acids were converted (through their chlorides. prepared with SOCI, al room temp) inIo amides 
which wcrc consecutively rocrysrallizcd. Table 2 shows Ihc m.p. of, and Ihc mixed m.p. between. 
Ihesc amides. 

Both amides dcprcss the m.p. of cycloheptanccarboxamide (m.p. 192’). 2,3-dimeIhyl-cyclopcntanc- 
carboxamide (m.p. 170“) and +ohcxanraatamIde (m.p. 167 ‘). BuI rhc amide of the non-esrcr~j%d 

acid with m.p. 167” does not depress the m.p. of tram-2-merhyl-cyclohexanecur~xamide with m.p. 
182-183’.U The amide of the acid/iom l SWI with m.p. 176” is identical with the amide (with m.p. 176“) 
prepared by oxidation with NaOBr of Ihc keronc obIained in the Ncnitzcscu reaction between 
cyclohcplenc. aalyl chloride, cyclohexanc and AICl,. *’ Thus, the acid which is diRiculty arcnficd is 
2-methyl-cyclohrxanecarboxylic acid. and the acid from esIcr probably is a mixrurc of rrans-3- and 
rrans-4-mrrhyl-cyclohexanecar~xylic aciak” 

If. before admitting CO, rhe autoclave is further charged with 024.5 moles finely ground 
AICl,.611,0, the absorpIion begins earlier and Ihc acid is formed in larger amoums and contains 
a white gum (polymer). IitIlc soluble in ether. which scpan~es on acidificalion of rhe alkaline solution. 

5. Decalin 

Dculin, 1410 g (IO.2 molts) disIillcd over sodium were introduccd in a stal autoclave conraining 
I I40 g (8.5 moks) AICI, aI -20’. then CO aI I50 atm was introduced. The aumclave was rotated 

** It. G. Walker and C. R. Hauser. /. Amer. Chrm. Ser. 68, 1386 (1946). 
U M. Mousscron. R. Jacquier. M. Mousseron-Canet and R. Zagdoun. C.R. Acod. Sci.. Pods US. 177 (19S2); 

Cf. also W. K. Johns0n.l. Org. Chrm. U, 864 (1959). 
” A. K. MacbcIh. J. A. Wills and D. H. Simmonds. 1. Chrm. Sot. IO1 1 (1949). 
” C. D. NcniIzescu. 1. Pogany and G. hlihri. Srvdii Cerr. Chim. 6. 375 (19%). 
“S. L Friess and R. Pmson. /. Amer. Chrm. SOL-. 73. 3J12 (1951). 
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and allowed to warm to room temp. The absorption began after about 8 hr. and after 36 hr 
242 1 NTP CO (IO.8 molts) had brvtn absorbed. The mtxturc was worked up as before. and the 
neutral product carefully fractionated under reduced prrsturc. After a forerun of 300 g unrcactcd 
dccalin. a 55 g fraction b.p., 102 114 was collected (leaving 800 g higher-boiling products. which 
wcrc not further invcstigatcd). The fraction yielded on redistillation hrxohvrfro-z-&nzosubcror, 
b.p., I II’, b.p.,, 258”. The senticorharone, m.p. 220”. crystallized from ethanol or from bcnrrnc. 
Lit. 222-223 car.;” 213-214’.‘” (Found: C, 64.63; II. 9.74; N, 18.88. Cak. for C,,LI,,N,O 
(220.3): C, 64.54; H. 9.48; N. 1X.82:<). The 2,4_dinirrop~cn~/~~~ruzone, brick-red, m.p. 168” 
ctystallizcd from ethanol bcnrcne. Lit. m.p. 176.5-177 car.;** 173 174”.S* (Found: N. 1625. 
Cak. for C,lil,zN,O, (346.4): N. 16.18 T<). The mixed m.p. and I.R. spectra of the scmicarboronc and 
dinirrophcny(hy~/ruIonc show identity with authentic products.** 

The acid product gave a 45 g fraction b.p., I@- 150” (Icaving 42 g higher-boiling products), 
which redissolved m IO”,, NaOIl solution, cxtractcd with cthcr, acidifmi and refractionatcd on a 
short column yieldrul a unitary acid b.p.r 158”. b.p.:, 275 ‘, as a colourlcss very viscous liquid, which 
slowly crystallized. m.p. 94 98”. This acid proved to bc trans tnns-I-~fecalincarbx.y/ir ocit/. Lit. 
m.p. 101~S-102~5’;~D 102’;” 96.9X’;a* 87-88>.- (Found: C, 7268; H.9.78; ncutralcquivalcnt 183. 
Cak. for C,,H,.D, (182.2): C, 72.49; H, 9 95”;. ncutrdl cquivaknt 182.2). The umide was prepared 
by means of the acid chloride. at room tcmp, with the precautions recommended by Daubcn and 
Hocrgcr.” and had m.p. 218-220”. (Lit. 223-224”;” 223” *I 2Of+208”;‘* 222-223”.“). The p-bromo- 
phenucyl CSICI. m.p. 125’. crystallized from ethanol. (Found: C. 60.39; 11. 6.27; Br. 20.43. 
C,,Ht,BrO, rcquircs: C, 60.16; H. 6.11; Br. 21.07%). The unili(fe, little soluble in cthcr. has 
m.p. 187” and crystallirrd from 80;: ethanol. (Found: N. 5.54. C,,H,,SO (257.4) rcquircs: 
N. 544%). The p-roluidide. mp. 20&201’, slightly soluble in ether. crystallirrd from ethanol. 
(Found: N. 5.23. C,,H,,NO (271.4) requires: N, 5.16%). 

The Schmidt dcgrddalion of the acid yicldcci trtns-tram-1 -dwu!vl-uminr, whose N-act-fyi-dericuritw 
mcltcd at 184-185’ and crystalhml from 80:: methanol. Lit. m.p. 184”;” 182.*‘~‘* (Found: N. 
7.21. Cak. for C,,H,,NO (195.3): N. 7 17 yO). The N-~nIoy/-dericuril~~. m.p. 195. 196.. crystalhzd 
from 8O”/d methanol. Lit. m.p. 19S”;a1.u.y 194-19S”.aa The N-bcnrmrsulphonyl-deriuufiu~. m.p) 
141 142”. crystallid from tXIT/. methanol. (Found: C, 65.19; II, 7.65. C,,H,,NO,S (293.4. 
requires: C. 65.49; H. 790:;). Thcpicrurc, m.p. 210^. crystallized from water. (Found: C, 5044; 

H. 6.08. C,,H,,NC,H,N,O, (382.4) rcquircs: C, 50.25; 11. 5,80”/,). 
The identity with rruns rruns-ldccalinarboxylic acid was proved by mixed m.p. of the amide, 

acetylamino- and benzoylaminodcrivativc. with authentic samplcsB1 
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