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STERIC EFFECTS IN THE SYSTEM Ph.C(R): 
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Edward Davies Chemical Laboratory, University Colkgc of Waks, Aberystwyth 

(Received 24 Juti 1%5) 

Abstract-Increasing size of the group R leads to the formation of a higher proportion of ketone in 
the methyl&ion of amines of the type, PhCH(NH,)-R, and of a higher proportion of secondary 
amine in the aluminohydridc reduction of oximes of the type, Ph-C(:NOH)-R. 

THE production of carbonyl compounds as by-products in the Clarke-Eschweiler 
methylation of primary amines has from time to time been reported: Gent and 
McKennal obtained 11% of cholestan-6-one from 6B_aminocholestane, but no ketone 
from the 6a-epimer. Ketones have also been obtained, in the yields indicated, from 
the following amines : bornylamine and neobornylarnim9 (15 %), en&Zamino- 
bicycle-(2,2,l)heptan$ (20 79, endo-5-amino-bicyclo(2,2,l)hept-2-eneJ (24 %), 5- 
aminobicyclo(2,2,2)oct-2-e& (20 %), cycIohexylamine* (lx), and cyclopentylaminti 
(2.3yd. It will be noted that the highest yields of carbonyl compound have been 
obtained from amines where the amino group is subject to some degree of steric 
over crowding, and it was pointed out by Gent and McKenna that their results 

TABLE 1. cLARKE+&XWEI LER ALKYLATION OP 

PhCH(NH3.R 

Group R % Yield of % Yield of 
tertiary amine ketone 

CH, 67 11 
Pr’ 51 21 
Bu’ 67 20 
(C,H&CH- 57 34 

C-H- 73 10 

suggested that steric compression favoured the production of ketonic by-product. 
Neobornylamine does indeed give the same amount of ketone as bornylamine, but 
owing to the gem-dimethyl groups on the bridge the environment of the amino group 
in the former compound is nearly as crowded as in the case of the second. We have 
investigated a series of amines C,H,CH(NH&R and the results obtained from 
methylation experiments are given in Table 1. Two points emerge from these results, 
first the total yield increases with increasing size of R, and secondly the proportion of 
ketone also increases with the size of R. If one takes as a measure of the effective size 
of R the rate of acid catalysed esterification’ of R.COOH, then with one exception the 

1 B. B. Gent and J. McKenna., 1. Chem. Sot. 137 (1959). 
* 1. McKenna and J. B. Slinger, J. Chem. Sot. 2759 (1958). 
8 W. E. Parham, W. T. Hunter, R Hanson and T. Lahr, J. Amer. C&m. Sot. 74 5646 (1952). 
4 C. A. Grob, H. Kny and A. Gagneux, Ii&. C/rim. Actu 40,130 (1957). 
3 K. L. Loening, A. B. Garrett and M. S. Newman, J. Amer. Chem. Sot. 74.3929 (1952). 
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proportional yields of ketone follow the same order. The exception is of course that 
the yield of isobutyrophenone is too high; the lower yield of cy~lobutyl phenyl 
ketone, which is in line with the rate of esterification6 of cyclobutane carboxylic acid, 
may be explained by the “pinning back” of the methylene branches leading to a smaller 
effective bulk . 

Fo~ulating in more general terms the m~hanism proposed by Clarke’ for the 
production of benzaldehyde from dibenzylaminc, the formation of the carbonyl 
by-product may be represented as follows: 

PhCH*R + CH,O - PhCH*R -+ PhC.R* -, PhCOR 
i 

+Mfs AH+ !IH’; cH#NH¶ 

!H 
I 

1 C% 

I II 

It has been pointed out? that formation of tertiary amine can involve only ion I since, 
for example, optically active 20Abel-phenylpropan~ is methylated without 
racemization, and the ~~yla~nes and the aminocholestanes are methylated without 
epimerization; the isomer- ion II must therefore be entirely converted to ketone. 
The effect of the group R may be rationalized on the basis of this suggested mechanism, 
since with increasing size of R there will be increasing strain (“back strain”*) in ion I 
which will be relieved in ion II when the carbon atom bonded to R becomes trigonal. 

The formation of secondary amine as a by-product in the hydride reduction of 
acetophenone oxime was first reported by Smith. lo Lyle and Troscianie@ found that 
electron-releasing substituents in thepura position of the acetophenone promoted the 
rearrangement process, and electron-withdrawing substituents inhibited it. RerickU 
ef al. extended the work to other ketoximes, benzaldoxime and to hydroxylamines, 
and Pet.rarcaLs confirmed the re~~ngement for the cases of syn and anti benzald- 
oximes. RericklB also demonstrated that a much greater proportion of rearranged 
product was obtained when a mixture of LAH and AK& was used as reducing agent. 
With the exceptions of CycIopentanone oxime and cyclodecanone oxime substantial 
amounts of secondary amine have been obtained only from those oximes which 
possess an aromatic residue as potential migratory group, and only phenyl migration 
has been observed. Both the syn and an~r’ oximes of isobut~ophenone~~l~ gave the 
same products in the same proportions; a similar lack of stereospecificity was noted 
in the cases of the benzaldoximes.fg 

It has been suggested that hydroxylamines are intermediates in the LAW reduction 
of oxi.mes~J~ and of tertiary alicyclic nitrolb compounds, which also leads to mixtures 

* B. V. Bhi& and J. J. Sudborough .I. Ind. Inst. Sci. 3A, 89 (1925). 
’ H. T. Clarke, H. B. Gillespie and S, 2. Weisshaus, J, Amer. Orem. Sot. sj, 4571 (1933). 
a A. C. Cope, E. Ciganek, L. J. F’kckenstein and M. A. P. Mcisingn; J. Amer. Chem. SC. -4651 

WW. 
’ H. C. Brown, 1. Gem. Six. 1261 (1956). 

I* D. R. Smith, M. Maienthall and J. Tipton, J. Org. Cliem. 17,294 11952). 
I* R, E. Lyle and H. J. Troscianiec, J. Org. Chem. Za,1757 (1955). 
I8 M. N. Rerick, C. H. Trottier, R. A Daignault and J. D. D&c, Tetrahedron Letters 10,629 (1963). 
aa A. E. Rtnwca and E. M, Emery, Tmw3udrro Letters 10,635 (1963). 
I4 H. K. Hall, J. Org. ch*nn. 29, 3139 (1964). 
li H. J. Barber and E. Lunt, J. C&em. Sot. 1187 (1960). 
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of primary and secondary amines though with a much larger proportion of the latter. 
We prefer to represent the reduction of hydroxylamines with LAH as prtiing 

via the complex Ar.CHR.NIIOal, from which the ahnninate ion is displaced either by 
attack of hydride ion (formation of primary amine) or by migration of Ar with its 
electrons (formation of secondary amine). Barber’sL6 suggestion that the hydroxyl- 
amine is protonated by aluminohydride ion seems fundamentally unsound. 

As reduction of hydroxylamines by aluminohydride leads to the same products as 
the reduction of oximes it is reasonable to regard the hydroxyl~ines as being 
intermediates in the latter process, but the reduction of the oximes can also be 
formulated as proceeding via a Schiff’s base type intermediate (IV) 

HQ H H H 
R 

1 
Ar R Ar R Ar R Ar 

‘c’ 
I 

‘cj ‘c’ 
I 

‘c’ 
I 

iI He HQ 1 

/ - 
:A: ___+ H& 

I . . +!? 

Al0 i H’ ‘H 
III 

Iv 

The electronic state of the nitrogen atom in the postulated intermediate (III) is 
similar to that suggested for the interm~jat~ in the Curtius reaction and similar re- 
arrangement processes. I6 Such a mechanism accounts for the formation of 
Ph*NHCD,CH, in the reduction of acetophenone oxime with LAD and also for the 
ef’fects of su~tituents in the aromatic ring as observed by LyleU and Petram.‘s 

We examined the reduction of a series of ketoximes of the type 

PhXJ(=NOH).R, 

to see if the nature of R in any way affected the tendency towards rearrangement. 
The separation of the geometrical isomers of isobutyrophenone oxime has been 

deseribedl’ but we were unable to repeat this work; attempted separations by chro- 
mato~phy on alumina, and partition chromato~phy between benzene and hydro- 
gen phthalate bufI’er supported on silica were also unsuccessful. Our experiments 
consequently were conducted with a mixture of syn and anti isomers, but in view of 
the results of Rerick this could make no ditE%enoe. We made an approxima~ esti- 
mation of the composition of the mixture by submitting it to Beckmann rearrangement 

“ E. S. Wailis and J. F. Lane, “0rgm~c &acth~” @ditm, R. Adams) Vof. III; p. 273, Chapman 
and Wnll, London. 

l7 H. M, K.ksman and J. Williams, J. Amer. Chem. SOC. % 5323 (1950). 
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and reducing the resulting mixture of amides with hydride. This gave N-phenyl- 
;sobutylamine (75 %) and N-~nzylisopropyla~ne (25 %). 

The m-p. reportedta for Eyclobutyl phenyl ketoxime is 91-93O; we obtained the 
value of 76-77” for material prepared by the method of Lapworthls and also in pyridine 
solution. It consisted largely of anti-phenyl oxime as a sample, when treated as 
described above, gave N-pheayicyclobutylmethylamine (97 %) mixed with only 3 % 
of isomeric secondary amine. 

The oxime of 3benzoylpentane has been reported2a-n to melt at 90*, though 
Rothstein” stated that it had an indefinite m.p. We were able to obtain two sets of 
crystals melting at 79” and 87” respectively. Both samples could he rearranged 
exclusively to 3-benzoylaminopentane both by benzene sulphonyi chloride and 
sodium hydroxide in boiling aqueous acetone and by phosphorus ~ntachlo~de at 0”. 
The isomerization of oximes under the conditions of the Beckmann rearrangement has 
been observed,% but the use of benzenesulphonyl chloride and alkali is regarded as 
unlikely to cause prior interconversion of the isomeric oximes. Furthermore we 
observed that the samples of the oxime, m.p. 79”, were transformed, after being kept 
for some days, into the material m.p. 87” ; and it was possible to convert the oxime, 
m-p. 87”, into material, m.p. 79”, by recrystallization from aqueous methanol. Hence 
both sets of crystal are regarded as allotropic forms of the syn-phenyl oxime; the form, 
m.p. 79”, being the metastable modification. 

The results obtained are tabulated together with relevant results reported by other 
investi~to~. The results do suggest a generally increasing tendency towards rear- 
rangement as R becomes larger, but they do not follow any precisely defined pro- 
gression and strongly suggest that other factors are more important in determining 
the proportion of secondary amine. In particular, there is a considerable discrepancy 
between the results for the reduction of isobutyrophenone oxime reported by Rericktz 
and by PetrarcS and those obtained by ourselves. Discrepancies, though less 
marked, also exist between the results of Lyle and Troscianiec*l and those of Rerick.lz 
Also, although we believe that both samples of the oxime of 3-benzoylpentane are of 
of the sy”-phenyl isomer, we did not obtain a constant proportion of secondary amine 
from them as the Table shows. We are not disposed to ascribe the difference in behav- 
iour between these oximes of be~oyl~ntane to differences in molecular geometry of 
the starting materials both for the reasons given above, and also in view of the obser- 
vations of Rericklz on the ~yn and anti oximes of isobutyrophenone. Pivalophenone 
oxime (syn-phenyl) was not reduced under the standard conditions employed (3 hr at 
the b.p. of ether). It could be reduced in boiling tetrahydrofuran to give a poor yield 
of primary amine free of rearranged product, and a large amount of gummy material. 

Rerickl* analysed their mixtures of rearranged and un-rearranged amines by vapour 
phase chromatography, while we separated them by means of a buffer and solvent 
extraction as did both Lyle and Troscianiec? and Petrarca.a6 The difference in method 

I* W. fi. Perkin and W. Sinclair, L Circm. SM. 61,36 (1892). 
1’ A. Lapworth and V, Steele, f. Chcm. Sot. 99,1884 (191 l), 
10 A. H&r and E. Bauer, Ann. Ckim. 16,340 (1921). 
I1 M. Tiffenau and J. Levy, BUN. SM. Chim. Fr. [4], 33,745. 
‘* C. R. Hauser and B. E. Hudson, J. Amer. Chem. Sot. 63,3162 (1941). 
‘* E. Rothstein and R. W. Saville, 1. Chem. Sot. 1967 (1949). 
96 R. F, Brown, N. M. van Gulick and G. H. S&mid, J. Amer. &km. Sot. 77,1094 (f9SS). 
u E. Gradano, Guzz. Chim. ffd. 45 EI, 393 (1915). 
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of analysis cannot account for the difference between our results and those of Rerick,l* 
since the recoye~y of the separated bases was good, always better than 80% and in 
some cases 90%. 

TABLE 2. REDUCXION OF PhC(:NOH)*R WITH LAH 

% Yield Amine composition %R=vayof 

Oxime of crude crudebases 
bases primary, % Secondary, % after stparation 

-._ -I_ 
Aoetophenone 77’0 23 72 

66” 34 75 
80” 20 
621a 38 

Propiophenone 
(anti-phcnyi)” 65 35 81 

l nia 23 62 
n-Bu~ophen~ne 
{~r~p~nyl)% 72 28 83 

ho-but~oph~one 
75 % anti, 25 % syn 95 61 39 88 
80 % unti, 20 % sYn 30” 70 
25 % anti, 75 % .ryn 301’ 70 

SYfl 701” 
anti 7018 
PilRllOp~O~ 
f.fFph=yP 0 0 0 - 

Benzoykyiobutane 
(97 % anri-phenyl} 92 56 44 so 

2-~~ylbu~e 
{~~-p~yl) 8% 36 64 88 

3-Benzoylpentane 
Mixture 90 32 68 94 
oxime, m.p. 79” 90 32 68 90 
oxime, m.p. 87” 90 45 55 % 

+ l-5 mok hydride per mole oxime. 

EXPERIMENTAL 

R&due me&y&.&m of Ph*CH(NH&R. The following a~&$ were prepared by heating the 
appropriate ketone (1 mole) with the ~0~~ f~~~o~& reager&n pr9#uwf from 
~0~~ carbonate (220 g) and 90% formic acid (225 @, at 180-185” for 6 hr. The re&ion 
mixture was diluted with water, the formy derivative was extracted into ether and then hydrolysed 
with 5N HCl(200 ml). The HCI was extracted with ether b&on: isolating the these. 

a-Phcnylisobutyhmii (70°b, b.p. 95”f14mm (lit .,= 102-104*/20 mm) ~~a~~y~~y~ 
#&zkmic acid, m.p. 183-1&V’, fiat needles, from aq. EtGH. (Found: C, 72-55; H, 6.6; N, 4.9. 
C,,H,,NOI requires: C, 73’7; H, 6.4; N, 47%]. 

a-Phenylneopeutykmine (74%). b.p. 101-1020/l 1 mm (lit.,” 49’/0*5 mm, 115-llS*S’/22 mn~),~ 
benzoyl derivative, m.p. 148-149” (lit.,” 149’). 

a-EtlYi-n-brrtyropti. u-Ethylbutyryl chloride was prepared from redistiikd dkthyla&ic acid 
(B.D.H.) (116 @ and SOC1, (180 g) as previously described- and puriikd by fractional distilktion, 
yield 113g(84OA, b.p. 136-t3S”@t., wI 138-142*). The acid chloride (105 & waa reacted with benzene 

*s A. E. Petrarca, J. Org. Chem. 24* 117ltl959). 
I’ A. W. Ingersoll, J. H. Brown, C. K. Kim, W, D. Beau&amp and G. Jenuiugs, J. Amer. C/tern. Sot. 

* 1308 (1936). 
g1) R. Perez Ossorio and F. Gomez Hcrrara, An&s real Sot es* F&y Quim. ModrldmB, 875 (1954). 
n A. Brodhag and C. R. Hauser, J. Amer. Ckm. Sot. 77,302S (1955). 
uI W. H. Miller, A. M. Dessert and 0. W. Anderson, J. Amer. Ckm. &JC. 70,502 (1wS). 
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(380 ml) and AlCl, (125 g) to give, after fractional distillation, the ketone (91.5 g, 66yJ. b.p. 138”/26 
mm (lit.,” 117-l lS’/lO mm) [2&dinitrophenylhydne, m.p. 129” (orange needles, from EtOH, 
then from benzenelight petroleum, m-p. unchanged after chromatography on bentonite-kieselguhr) 
(lit.,” 15”). (Found: C, 60-6; H, 5.6; N, 15.8. Calc. for C,,H,,,N,O,: C, 60.7; H, 5.7; N, 15*7O/d]. 

2-Efhyl-l-phenyibufy&mine. a-Ethyl-n-butyrophenone (20 g) was heated at 200’ for 8 hr with 
the formamide+formic acid reagent prepated from ammonium carbonate (26 g) and 90% formic acid 
(28 s> to give N-&my/-2-•fhyl-l-phenylbufylamine (23 g), m.p. 71-72” from light petroleum, b.p. 
60-80”. (Found: C, 75.6; H, 9.4; N, 65. CIIHIBNO requires: C, 76.0; H, 9.3; N, 6*8x), 
hydrolysis of which gave 2-efhyCl-phenylbufy/uminc (11 g, 55 %)), b.p. 127”/15 mm. (Found: C, 81.2; 
H, 10.8; N, 7.8. C,,H,,N requires: C, 81.3; H, 10-8; N, 7~9%). This amine (035 g) in pyridine 
(2 ml) at 0” treated with toluene-psulphonyl chloride (O-42 g) gave N-fol~e~psul2~fhy~-l- 
phenyfburylamine (0.34 g), m.p. 102-103” thick, short needles from aqueous MeOH, then from light 
petroleum, b.p. 6&80”. (Found: C, 68.5; H, 7.3; N, 4.3. C,,H,,NO,S requites: C, 68.8; H, 76; 
N, 4.2 %.) 

a-Phu?ylcyclobufy~~fhy~nylmcthyhmine (80%), b.p. 70’/0.6 mm,** picrate,*l m.p. 199” dec. 
The primary aminea were methylated a’ by heating at 100” for 12 hr with 37% formaldehyde 

(2.2 moles) and 90% formic acid (5 moles) per mole of amine. The product was treated with cont. 
HCl(1.2 equiv) and extracted with ether before isolating the base. The ether extract was washed with 
2N NaOH, water and dried (Na&O,). 

TABLE 3. ~UCTIVE METHYLATION OF PhCH(NH,)R 

Amine 
Ph.CH(NH,).R 

Me 

Prt 

But 

Et&H 

‘A Yield of % Yield of 
tertiary amine ketone Derivative of ketone 

67” 11 2,4dinitrophenylhydrazone, 
m.p. and mixed m.p. 241-242”. 

5lb 21 2,4dinitrophenylhydrazone:’ 
m.p. and mixed m.p. 163” 

67” 20 Oxime, m.p. and mixed m.p. l&165” 
(lit.,‘B 165-166”). 

57d 34 2,4dinitrophenylhydr, 
m.p. and mixed m.p. 129”. 

73’ 10 2,Uinitrophenylhydrawne 
m-p. and mixed*’ m.p. 178-179“. 

q Picrate, mp. 137-138” (yellow plates from EtOH and from ethyl acetate-ethanol) (lit.,‘8 140- 
14&5”, 138-I 39.u 139.5-140” ‘b). 

’ Picrate, m.p. 156” (lit.P 156-157”). 
a N,N-Dimcfhyl~-p~y~~~ni?vr-oc-pisurrmcopcnrykrminc, b.p. 112’/16mm (Found: C, 81~2; H, 109; N, 745. 

&H,,N requitea: C, 81-6; H, 11.1; N, 7.3%). Picrute, m.p. 140-140~5’, yellow needles, from 
EtOH. (Found: C, 54.1; H, 5.6; N, 13.3. C,,HuN,O, requires: C, 54-3; H, 5.8; N, 13.3x.) 

d N,N-D~rhyl-2~rhyI-l-plrcnylbutylamir, b.p. 132’/20 mm (Found: C, 81.7; H, 1 l-3; N, 
7.2. C,,H,,N requires: C, 81.9; H, 1 l-3; N, 6.8%). Picrufe, m.p. 192193”, yellow na&%, from 
n-butanol. (Found: C, 54.9; H, 5.8; N, 128; GoHIINIO, requires: C, 55.3; H, 6.0; N, 12.9%) 

l picrate, m.p.al 119-120”. 

Reducfion o/oximes wffh L&I. Resulta are summarimd in Table 4. 

Coqoosifion of isobufyrophenone oxime, m.p. and lit.” m.p. 58-60”. A slurry of PCl, (6 g) in 
benzene (50 ml) was added in portions, during 05 hr. to the oxime (5 gI in ether (25 ml) at 0”. The 

a1 S. H. Graham and A. J. S. Williams, in the press. 
sn M. L. Moore, “Orgmric Reucfions” (Editor, R. Adams) Vol. V; p. 323. Chapman and Hall, 

London. 
*’ A. C. Cope, T. T. Foster and P. H. Towle, J. Amer. Chem. Sot. 71,3929 (1949). 
” C. G. Overbcr~, M. A. Rlotx and H. Mark, J. Amer. Chem. Sot. 75,3186 (1953). 
aB A. T. Stewart and C. R. Hauser, J. Amer. Chem. Sot. 77.1098 (1955). 
H D. P. Evans, J. Chem. Sot. 788 (1936). 
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mixture was allowed to stand at room temp for 25 hr and was then poured onto ice. The usual 
working up gave brownish crystals (4.7 g, 94yd which were dissolved in ether and added to LAH 
(l-75 g) in ether (100 ml). The mixture was mfhuted for 2 hr and allowed to stand overnight. After 
adding 1ON NaOH (20 ml) the ether was decanted and the residue extracted with ether. The combiied 
ether extract was extracted with 2N HCl. This HC1cxtrac.t was separated” into N-pheuylisobutyl- 
amiae (1.79 g), toluenc-p-sulphonyl derivative, mp. and mixed mp. 123-12r5” (lit.” U-123”, 124- 
126” u), and N-benzylisopropylaminen (O-61 g), N-tofuentp-sulphonyCN_bcntylisopyl~i~, m.p. 
and mixed m.p. 97-98”, wcdles from aqueous MeGH, then from petrol. (Found: C, 671; N, 
6.8; N, 4.7; C&,lNOIS requires: C, 67.3; H, 7.0; N, 46X.) 

Benzoylcyclobutme ketoxime. The ketone was prepared by the method of Perkin,l@ b.p. 136”/16 
mm (li~,~ 122”/10 mm). The ketone (14.6 g), hydroxylamine hydrochloride (9 g) and anhydrous 
sodium aoetattie (15 g) were tcfluxed for 2 hr in absolute EtOH (65 ml). On pouring the mixture into 
water (600 ml) the oximc crystallized (15.4 g, 90%). mp. 75-77’. Distillation (b.p. 125”/05 mm) or 
sublimation (LOO”/@2 mm), followed by recrystallization from petrol, gave the oxime, m.p. 76” 
(lit.18 m.p. 91’). (Found: C, 75.7; H, 7.5; N, 7.9. C&c. forCIIH,INO: C, 75.4; H, 7.5; N, 8a%.) 

The published method” gave oxime (80%) identical with that described above. 
To the oxime (5 g) in ether (60 ml) at 0” PC& (6 g) was added, in portions, during 0.75 hr. The 

mixture was allowed to stand at room temp for 4 hr and then poured onto ice. The ethereal extract 
was washed with dil NaOHaq, water and dried (Na,SOJ. Recrystallization of a portion of thla 
material gave Nphenylcyclobutanecarbonamide. This ethereal solution was added to LAH (2 g) in 
ether (120 ml) and refluxed for 25 hr. After stirring for a further 0.5 hr 1ON NaOH (20 ml) was 
added. The ether extract was decanted and the residue washed with ether. The combined ethereal 
extract was extracted with 2N HCl(25 ml). Water was added to dissolve a sparingly soluble hydro- 
chloride. The aqueous layer contained 2.40 g of bases which were separated’ into strong base (008 g) 
and N-phenylcyclobutylmethylamine (226 g). identified as its toluenopsulphonyl derivative (crude 
yield 76x, m.p. 97-loo”), reuystallixed from benxe~trol(1: 5), m.p. and mixed mp. lO&lOl”. 

N-Pknylcyclobutybnethy~amine. N-phenylcyclobutaneuubonamide was prepared from cyclo- 
butane carbonyl chloride, benzene and aniline; 
(lit.‘l 1 ll”). 

it recrystaIlized as needles from petrol m.p. 113” 

This anilide (8.5 g) in ether (300 ml) was added to LAH (3 g) in ether (100 ml). The mixture was 
stirred and refluxsd for 2 hr and then allowed to stand ovemlght. NaOHaq (40 ml) was added, the 
ethercal solution was decanted and the residue extracted with ether. The combined ether extracts 
were extracted with 2N HCl(60 ml) giving a sparingly soluble hydrochloride which was dissolved in 
water. Basiication of the aquecus extract, drying and distillation gave N-pheny~cydobutylmethy~- 
amine (5.1 g, 65”%), b.p. 138-139”/15 mm. (Found: C, 81.7; H, 9.3; N, 9-O. C,,H,,N requilles: C, 
8 l-95 ; H, 9.4; N, 8.7 yd [N-toluenr-p-ru~honyf-N-piutlylcyclobur, m.p. l-1 01 O, 
white plates, from EtOH. (Found: C, 68.4; H, 6.8; N, 4.2; C,,H,,NO,S requires: C, 68.55; N, 
6.7; N, 44%) 

a-Methylbutyrophenone oxime. T&e ketone’* (15 g), b.p. 1 I8”/18 mm (lit.:’ 114’112 mm), gave 
oxime (1@6 g), m.p. 55-65”, after recrystallization from light petroleum (b.p. 60-800). Further 
recrystallization from light petroleum gave 9.7 g, m.p. 8487”. and then from aqueous h&OH, 7 g, 
m.p. 86-87” (lit.,” 82”). 

This oxime (m.p. 8687”; 1.77 g) in acetone (40 ml) and water (10 ml) was mfhtxed with bcnnene- 
aulphonyl chloride (1.84 g) and NaOH (O-45 9, for 4 hr. Acetone was distilled from the neutralized 
mixture and the residue dissolved in ether, which was then washed and dried (Na,!!Q). Evaporation 
of ether gave crude anilide (1.5 g), which alter dissolving in hot light petrokum (b.p. 60-80”. 3 ml) 
gave needles (0.85 g), m.p. 105-106”. after softening at 100”. 
light petroleum (b.p. 60-80”: 

Further recrystallization from w 
12 ml, 1: 10) gave needles (O-78 g) m.p. 107-108.5”. m.p. unchanged 

*’ H. J. Hickinbottom, J. Ckm. Sot. 994 (1930). 
a‘ R. G. Rice and E. J. Kahn, J. Amer. Chem. Sot. 77,452 (1955). 
” S. L. Shapiro, V. A. Parrino, and L. Freedman, J. Rmer. Chem. Sot. S&3734 (1959). 
w T. A. Favorskya and I. P. Yakovlev, J. Gen. Ckm. U.S.S.R. 22, I13 (1952). 
‘l M. Freund and E. Gudeman, Ber. Dtsch. Ckm. Gcs. Z&2697 (1888). 
‘a G. F. Grillot and R. I. Bashford, J. Amer. Chem. Sot. 73.5598 (1952). 
‘*T. E. Zaksskaya, J. Gen. Ckm. U.S.S.R. 8,1589 (1938). 
u P. Dumensil. Ann. Chim. Phys. [9], 8, 74 (1917). 
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when mixed with authentic oc-methylbutyranilide, m.p. 110-l 11”. needles from light petroleum, b.p. 
60-80°. (lit.” lloO, 104-105” ‘3. 

a-E?hykt-6utyrophenone oxim. The ketone (25 g) in absolute EtOH (IO0 ml) was nflluxed for 
1.5 hr with hydroxylamine hydrochloride (1s S, and anhydrous sodium acetate (25 @. On pouring 
into water oxime (13 g), m-p. 6&80a, was obtained. Two recrystaUizatious from light petroleum 
(b.p. 60-80*), then from cyclohexane, followed by recrystallization from MeOH gave Fraction A, 
mp. 75-84”. 

Dry HCltr was passed through a solution of Fraction A (0.5 g) in dry ether (10 ml) at 0”. The 
white solid which separated was collected and washed with &her (0.4 g), m.p. 101-102”. This solid 
was stirmd with ether and sodium acetate (I-5 g) in water (10 ml). Evaporation of ether and recrystal- 
fixation from light petroleum (b.p. aCrso0) gave oxime, m.p. 87” (lit.,*g* 90”). (Found: C, 75-3; 
If, 8.7; N, 7.4. Cak for CItHITNO: C, 75.3; H, 9-O; N, 7-3x.) A sample of this oximc m&cd 
at 79’ after recrystallization from aqueous MeOH. unchanged after recrystakation from light 
petroleum (b.p. 60-800). 

Evaporation of the petrol mother liquors from which Fraction A was isolated gave oxime, m.p. 
79”, needles, from McOH. (Found : C, 7525 ; H, 9.0; N, 74%) A sample of this oxime was found 
to melt at 86” after storage in the absence of light. 

The oxime (m.p. 79” ; 0.25 g) in ether (6 ml), treated with HCI at 0”. gave a white solid (0.13 g). 
mp. 84”. The ethereal filtrate contained a sticky solid. Afur treatment with aqueous sodium acetate 
and recrystallization from light petroleum (b.p. -0”) the product melted at 7479”. 

The solid (m.p. 84’) was insoluble in water but rapidly dissolved on addition of ether. Evaporation 
of ether gave oxime, mp. 86-87”, before mcrystallization: recry&&ization from aqueous MeUH, 
m-p_ 79”. 

Evaporation of the cyclohexane mother liquors from which Fraction A was isolated gave oxim, 
mp. 79-86” (from MeOH). This solid (1.66s) gave oxime hydrochloride (la78 g), np. lOI-102”. 
which on treatment with aqueous sodium acetate gave oxime (1.1 g), mp. 87”, after recrystallization 
from petrol. 

3eckwnn reurr~e~nt 

(a) Wish benzmw@honyl chlorikk and sodium hydmxiak The oxim (m.p. 87”; 05 g), benzene 
sulphonyl chloride (0.47 g), NaOH (O-26 3, in acetone (10 ml) and water (1 ml) were refluxbd for 4 hr. 
Removal of acetone and dilution with water gave 3-benzoylaminopentane, mp. 97-99”, plates, fkom 
aqueous EtOH (charcoal): after further recrystallization from light petroleum (b.p. 60-80’), needles, 
m-p. and mixed m.p. !I9-100”. 

Under the same conditions the oxime (m.p. 79”) rearranged to the same amide, mp. and mixed 
m.p. 97”, the product being more difficult to purify. 

(b) With pho@orus pentachloride. PC& (@3 g) was added in portions to the oxime (m.p. 87’; 
O-2 g) in ether (15 ml) at 0”. The mixture was allowed to stand at room temp with intermittent 
shaking. After 1 hr only a trace of chloride remained, ice water was added, and the ether solution 
worked up to give 3-~y~ino~nt~e~ m.p. and mixed m.p. 98~5-99~5”. necdk, from light 
petroleum (hp. 60-80’). 

The oxime (m.p. 79”) also rearranged under these conditions to the same amide, m.p. and mixed 
m.p. 97”, afker recrystallization from light petroleum. 

3-Renwyfuminopenta.ne, 98% Formic acid (77 g) w added in portions to diethyl ketone (29 9, 
and formamide (107 g). The n&we was retluxed gently for 20 hr, cooled, diluted with water and 
extracted with ether. After washing with NaOHaq, water and drying, the ether extract gave a light 
brown oil (21.6 g) which was refluxed with 5N HCl (66 ml) for 1 hr. The resulting soh&ion was ex- 
tracted with ether and the ether extract rejected. Basiikation of the HCI, ether extraction, drying and 
careful fractional distillation gave 3-aminopentane (2.6 g), b.p. 86” (lit.,” 900), picrate (from EtOH or 
or ethyl acetate) m.p. 168” (lit.,” 168’). 

I6 P. E. Verkade, Rec. Ttatt. Chim. 36,204 (1917). 
‘6 T. 0. H. Jones and F. B. Smith, J. Chcm. Sot. 127,2537 (1925). 
*) H. Stephen and W. Bleloch, 1. Chem. Sm. 92 (1931). 
*’ 0. Wallach, Lie&‘$ Am 343, 54 (1905). 
” P. Karrer, F. Canal, K. Zohner and R. Widmer, He/u. Chim. Am, 11, 1082 (1928). 
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Benzoyl chloride (1 ml) was added, with cooling, to the amine (05 9, in pyridine (2 ml). HCl was 
added after 1 hr, the product was c&&cd, washed with NaOHaq and recrystalhzed from aqueous 
EtOH, then from beam-petrol to give feathery needks of 3-bentoyIu1&~~~r~ (0.6 g), m.p. 
99-100”. (Found: C, 75.3; H, 8-75; N, 7.1. C,,HI,NO requires: C, 75.3; H, 9.0; N, 7.3x.) 

The oximea were reduced11 with LAH (5.5 moles per mol oxime) in boiling other for 3 hr and the 
mixture bases separated as described by Petrarca.” 

Microanalyscs were carried out by Drs. Weiler and Strauss, Oxford. 

TABLII 4. Yta~~s OF BASKS PROM HYDRIDE RU>U~~ONS OF PhC(:NOmR 

Ph-C( :NOH)R 
Recovered 

oxime 
Yield of 

mixed bases RCH(NH&Ph RCH,*NHPh 

Et (3 g, 0.02 mok) 
mp. and lit.6o mp. 53” O-1 g (3~3ya 213 g (81 YJ, I.38 g’ 0.75 g 
PrO(3.26 g, 0.02 mole) 
m.p. and tits1 m.p. 49-50” 0.2 g (6.2%) 2.34 g (83 %) 1.62 g’ 0.62 g’ 
Prl (3.26 g, 062 mole) - 2.85 g (95 %) 0.98 g’ 1.54 g’ 

C-H 
(3.5 g, 0.02 mok) - 3g (92% 1.35% I -05 g’ 
Bu’ (3.54 g, 0.02 mole) 0.25 g (7%) 2.5 g (88 y,J 0.80 g’ 1.42 g” 
But (5 g):: 
m.p. and lit.” m.p. 165-166” gum 068 g’ - 

Et&H 
2.86 g. m.p. -80”. 0.97 g (84%) l-56 g (90%) 039 g- 0.81 g” 
2.58 g, m.p. 87’ 0.71 g (40%) 1*65g (90”/@ 0.67 g” O+lgn 
2-86 g. m.p. 79” 1.20 g (42yJ l-36 g (87ya 0.39 g” 0.81 g” 

l Reaction time, 9 hr. 
$ Faikd to reduce in ether. Boiling THF, 6 hr. 

8 Benzenesulphonylt deriv. (94X), m.p. 79-80” (lit.,” 81’). 
b Benzenesulphonyl deriv. (96yJ. m.p. 52-53” (lit.,s* 54”). 
c Benzoyl deriv., m.p. 127-127.5” (lit.,” Uta). 
* Toluene-psulphonyl deriv., softens 47”, m.p. 54”. Authentic sampk, m.p. 54”. Mixed m.p. 54” 

after softening at 47”. (lit.,Ds W”, 52” “ 47” *‘I). 
l N-(a-Phenylisobutyl)phthalamic (60 YJ, m.p. and mixed m.p. 183-184”. N-Benzylisopropyl- 

amind absent. 
f Toluene-psulphonyl deriv., (90%) m.p. 124” (lit., 122-123”,*’ 1%126” “). 
A Toluene-psulphonyl deriv.t (98 “4, m.p. and mixed” m.p. 171-172”. 
( Toluene-psulphonyl de&. (98%). m.p. and mixed m.p. 101”. 
’ Homogeneous by g.1.c. N-Toluone-~ulphonyl-2-methy~-l-phenylbutylamine,t m.p. and mixed 

m.p. 108-109”. 
a-Methylbutyrophenone (43 9, was heated for 6 hr at 180” with thefotmamide-formicacidmagent 

prepared from ammonium carbonate (I l-5 g) and 90 % formic acid (12 ml). Hydrolysis with 5N HCI 
(10 ml) and the usual working up gave 2-methyl-I-phenylbutylamine (2.9 g, 67’/@, b.p. 118”/17 mm 
(1it.p 130-135”/15 mm). (Found: C, 81.15; H, 10.55; N, 8.35. Cak. for C,,H,,N: C, 80.9; 
H, 10.5; N, 8*6X.) N-~olucne-p-sulph~~~~-2-~~~~~1-pheny/butyklmi~, m.p. 108-RN”, needks, 
from aqueous MeOH, then from benzene-petrol. (Found: C. 68.1: H, 7.6; N, 4.3 ; C,,H,,NO,S 
requires: C, 68.1; H, 7.3 ; N, 4*4%.) 

c Homogeneous by g.1.c. Toluene-psulphonyl deriv. (91 “A, m.p. and mixed m.p. 8-6.5”. 
Reduction of a-methylbutyranilfde (8 g; m.p. 110-l l”, lit.,” 110-l 1 lo) in ether (175 ml) with LAH 

(3 g) in ether (100 ml) was 70% complete after 3 hr and gave N-phenyI-2methylbutyhunine (4.1 g, 
55 “%), b.p. 132”/20 mm (lit .,m 142”/25 nun). tohten~ulphonyl deriv., m.p. 8686.5” (litVw 85”). 

i N-Benzoyl d&v. mp. and mixed mp. 149” (lit.,” 149”). 
m Toluenc-psulphonyl deriv.t (22% after recrystallization from aqueous MeOH (charcoal), then 

recrystallization from petrol), m-p. and mixed mp. 102-103”. 
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n N-Toluene-psulphonyl-Nphenyl-2tthylbutylaminc (95 “/.), m.p. and mixed m.p. 114-l 15’. 
o-Ethyl-n-butyranilide (m.p. 126”, lit.,“ 124”; 8-8 g) in ether (300 ml) and tetrahydrofuran (35 ml) 

reflwced for 4 hr with LAH (3.3 g) in ether (100 ml) gave crude base (2.4 g) and anilide (5.8 g). 
The unreacted anilide was then refluxed for 6 hr with LAH (3 g) in tetrahydrofuran (125 ml). 

After evaporation of solvent in wcuo, ether (100 ml) was added, followed by 6N NaOH (40 ml). 
The ether was decanted and the residue washed with ether (50 ml). After extractiq the &her extract 
with 2N HCl(2 x 50 ml) the ether layer Save a brown oil (1 g) which was rejected. Basilicstion of the 
HClextract gave a dark brown oil (3-7 g), Distillation gave a pale yellow oil (5.1% 70%). Redistil- 
lation from Zn dust in an atmosphere of N, Save a pale yellow distillate of N-~~enyl--2_Ptkyylb~ry~~i~, 
b.p. 131”/11 mm. (Found: C, 80.9; H, 10.85; N, 8.15. C1,Hi.N requires: C, 81.3; H, 10.8; N, 
7.9 %.) N-rol~~p-~ulphonyl-N-phenyl-2arhylbu (93 y’, after receystallizBtion from EtOH, 
then from benzene-petrol (1: 12), m.p. 114-l 15”. (Found: C, 69-l ; H, 7.7; N. 4.3. C,,H,,NO,S 
requires: C, 68.8; H, 7.6: N, 4.2%) 

t Insoluble in 2N NaOH (cf. Car@ers”). 

w 0. wallach, Lit?bifs Ann. 33% 317 (1904). 
I1 R Serge, Ber. Dtsch. C&m. Ges. 35, 1073 (1902). 
I* W. II. Carothers, C. F. Bickford and G. J. Hurwitz, J. Amer. C/tern. Sot. 49,2913 (1927). 
I8 I. Heilbron and A. M. Bunbury, Dictionary of Orgrrnic Compounds. 
” Busch and L&helm, /. Prukr. Chem. [2], 77, 12 (1908). 
I’ J. von Braun and R Murjahn, Ber. D&h. Chem. Ger. 9, 1202 (1926). 
o@ R. M. Roberts and F. A. Hussein, J. Amer. Chem. Sot. 82,195O (1960). 
I’ 0. Mumm and F. Muller, Ber. D&h. Chem. Ges. 70B, 2214 (1937). 
ha J. B. Bowen, S. H. Graham and A. J. S. Williams, A S~&JU’s Handbook of Opnic Quditatioe 

Analysti p. 95 Univ. of London Press. 
I@ W. Stuhmer and X. Funke, Kd-Chemie Akr-Ges Germ. 1,008,305; Chem. Absfr. a,18911 (1959). 
(o S. Adler, L. Haskelberg and F. Beqmann, J. Chem. Sot. 576 (1940). 
‘i M. Freund and P. Herrman, Ber. D&h. Chem. Ges. 23,191 (1890). 


