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Abstract~econdary and tertiary propargylic amines of types 3 and 4 were synthesized. On protot- 
ropic isomerization amines 3a-f isomerized to a,&unsaturated aldimines of type 6 while 3g and 3h 
isomerized to conjugated aldimines 18 and 19 respectively. The diynediamine 27 isomerized to a fully 
conjugated diene-diimine 28. Amine 31 on treatment with base yielded aniline. Alkyl-substituted dip 
ropynylamines 29h-d were prepared and on prototropic isomerization aromatized to alkyl-substituted 
pyridines. The unsubstituted dipropynylamine 2% however underwent under the above conditions two 
types of skeletal rearrangement to yield nitriles 44s and b in high yield and oximes 45a and b in low 
yield. 

The base-catalyzed rearrangement of acetylenic 
compounds is by now well documented.’ In the 

prepared by the alkylation of the corresponding 
amines 2 with propargyl bromide (1). using an ex- 

case of acetylenic hydrocarbons it afforded diffi- 
cultly accessible conjugated polyenes.’ poly- 

cess of amine 2 (3 equivs). This alkylation also fur- 

enyne+ and polyynes’b from readily obtainable 
nished in low yield the corresponding tertiary 
amines 4 (Tables 1 and 2). 

HC=CCH,Br + RNH, + HC=CCH,NHR + (HmCH&NR 
I 2 3 4 

2-40: R = n&H,,; b: R = n-C&I,,; c: R = n-C,H,,; d: R = n-Pr; 
e: R = t-Bu; 1: R = cyclohexyl; g: R = CHICH=CH2; h: R = PhCR; 
1: R = Ph 

acetylenes, but its most impressive utilization was 
in the preparation of a large series of annulenes by 

On treating the secondary amines 3a-f with satu- 
rated solutions of t-BuOK in t-BuOH for co 20 min 

Sondheimer and his group.’ Among heterosubsti- at co 100” they afforded the corresponding o$- 
tuted acetylenes investigated were propargylic unsaturated aldimines 6a-f in moderate yields. 
ethers, propargylic thioethers and tertiary propar- 
gylic amines.‘*’ These yielded equilibrated mix- HC=CCH,NHR - [CH,=C=CHNHR] + 

tures containing starting materials and the corres- 3 5 

ponding ahenes and internal acetylenes in which 
the heteroatom was bound directly to the allenic or 

H. 
;c=c< 

H, 

acetylenic moiety. Hb 
Secondary propargylic amines are one group of Hd 

,C=NR 

compounds to which the base-catalyzed isomeriza- 6 
tion has practically not yet been applied. In contrast 
to the above mentioned tertiary propargylic amines Additional isomerization experiments with 31 
this group contains a hydrogen atom on nitrogen showed that with satd t-BuOK in t-BuOH at room 
and therefore there exists the possibility, that on temperature or with 10% KOH solution in abs 
prototropic rearrangement it would yield systems EtOH under reflux for 4 hr no rearrangement took 
with nitrogen as part of the conjugated skeleton, i.e. place and the starting amine was recovered un- 
it would give conjugated imines. If this could be changed. With refluxing EtONa in abs EtOH 
realized, these secondary amines could serve as po- isomerization of 31 to 61 was slow. With t-BuOK in 
tential precursors in the preparation of heteroan- 
nulenes containing unsaturated nitrogen in the ring. 

diglyme at 0” isomerization of 31 was moderately 
fast and afforded 61 in high yield. It was also ob- 

To test this possibility, a series of secondary prop- served that injection of a solution of 31 in satd t- 
argyhc amines was submitted to base-catalyzed BuOK in t-BuOH on a VPC column at 144” yielded 
treatment. mixtures of 31 and 61 in 1:2 ratio and both were 

Starting secondary propargylic amines 3a-g were eluted from the column preparatively. 

4111 
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The above isomerization may serve as a synthe- 
tic route to N-allylidenealkylamines 6 because the 
direct condensation of acrolein with a primary 
amine leads to products other than the desired 
imine.’ The early assumption that imines 6 had been 
formed on dehydrohalogenation of N-(2-bromo- 
allyl)alkylamines with sodamide in liquid ammonia’ 
proved incorrect and it was shown that the obtained 
products were N-alky1methyleneaziridines.6 Rus- 
sian workers also reported that in the prototropic 
isomerization of N-(2-vinyloxyethyl)propargyl- 
amine with powdered KOH in anisole at 130“ only a 
dark brown polymeric mass had been obtained.’ On 
the other hand it was reported that aldimines 6 were 
prepared by the pyrolysis of anthracene adducts.’ 
The parent compound, acraldehyde imine (6, R=H) 
was also synthesized and its NMR spectrum re- 
corded.9 

The aldimines 6a-f distil as colorless liquids and 
are severe lachrymators with a characteristic odor. 
When kept neat at room temperature or for a longer 
time in a refrigerator they polymerize to colored 
viscous oils. With maleic anhydride in benzene sol- 
ution in the cold they precipitate at once brown 
polymers. 

When a solution of 10% AgNO, in EtOH-Hz0 
(10: 1) is added to aldimines 6a-f a silver mirror is 
obtained within a few minutes. This served as a 
qualitative test for their detection during isomeriza- 
tion. Presumably the silver nitrate catalyzes the 
hydrolysis of the imine to the aldehyde and then ox- 
idizes the latter while being reduced to metallic 
silver, thus acting as a Tollens reagent. 

The UV spectra of aldimines 6a-f have a single 
maximum at co 214-15 nm (c >20,000). a,/3- 
Unsaturated imines of type 6 with a single addi- 
tional alkyl substitution on the vinyl group have a 
single maximum at CQ 22Onm (c ca 23,0OC1)?‘~*~’ 
This corresponds to the 5 nm bathochromic shift 
for each alkyl substituent on l$-dienes but not to 
the shifts in 1,3-enones.” 

In the IR aldimines 6a-f show two strong peaks in 
the ranges of 1653-1637 and 1610-1603 cm-’ which 
are assigned to the C-N and C=C stretching 
vibrations respectively in the conjugated 
chromophore. Both are bathochromically shifted 
with respect to the nonconjugated vibrations. The 
CH and CH? out-of-plane deformations occur at ca 
995 and 925 cm-’ respectively. A weak peak ap- 
pears consistently in all the aldimines at exactly the 
double frequency of the CH2 out-of-plane deforma- 
tion and is generally assigned to an overtone of this 
absorption.‘3.8.‘4 

In the NMR at 6OMHz aldimines 6a-f show 
complex multiplets in the 85.3-5.9 region (H. and 

*In certain cases, as with sodamide in liquid ammonia 
the sodium salt of 7C is insoluble and precipitates from 
solution, thus shifting the equilibrium towards the I- 
alkyne 7C. 

Hb) and in the S 6.1-69 region @I,) as well as a 
doublet at ca 6 7.8 @Id). Compound 6e was further 
investigated at 9OMHz: the H, multiplet then 
afforded a practically first order octet with lbf = 
17.4, J., = 10.4 and J, = 8.3 Hz. On intense double 
irradiation of Hdr H, collapsed to a symmetrically 
spaced sextet in which the outer two peaks were 
very weak and the inner intense quartet leaned 
heavily towards the CH2 multiplet. This quartet had 
by a first order analysis the same coupling con- 
stants mentioned above. The spectral pattern how- 
ever indicated that the vinylic group (after decoupl- 
ing from Hd) was still an ABC system from which 
the exact parameters could only be obtained by 
computer analysis.* 

From the limited amount of data of this study it is 
evident that the imine grouping in conjugation with 
the vinylic group diminishes the shielding of the 
gem-proton @I,) of the latter to approximately the 
same extent as do the ethylenic and carbonyl 
groups. On the other hand the decrease in the 
shielding of the cis - and trans -protons (H. and Hb) 
caused by the imine group is intermediate between 
that caused by the above two groups.” At room 
temperature the aldimines 6a-f gave no indication 
of syn-anti isomerism in their NMR spectra.” The 
peaks of the Hd doublet and of the NCH2 triplet in 
compounds 6a-d were broader (hhw 3-O-3.5 Hz) 
than those of the % doublet of 6e (hhw 1.8 Hz) 
which may point to allylic coupling through nit- 
rogen.16 

It is well established that the first intermediate in 
the prototropic rearrangement of I-alkynes 7C is 
the allene 9C formed via the carbanion 8C (Scheme 
l).” When R= alkyl the isomerization proceeds 
further to the 2-alkyne 12C by the route indicated in 
Scheme 1. The equilibrated mixture then contains 
predominantly the 2-alkyne 12C and very little of 
the 1-alkyne 7C and allene 9C.‘” When strong base 
is used, such as satd t-BuOK in t-BuOH the isomer- 
ization proceeds further via the 2,3diene 14C to 
give an equilibrated mixture of 2- (12C) and 3- 
alkynes.19* 1,3-Dienes 13C are not formed under the 
above conditions. That proton abstraction occurs 
only at the internal allenic carbon of 9C and not at 
the saturated carbon is due to the greater acidity at 
the sp’-hybridized carbon. However when R is an 
electron-withdrawing group such as aryl, carbonyl, 
carboxyl, vinyl or ethynyl, the abstraction of a 
proton from CH2 in 9C is facilitated and may com- 
pete with proton abstraction from the internal al- 
lenic carbon, thus leading to 1,3-dienes 1X via 
carbanion 11C. In fact such dienes are formed 
either exclusively or predominantly in such 
isomerizations.‘“4cm By contrast, in the present in- 
vestigation we have observed that secondary prop- 
argylic amines 7N isomerize to azadienes 13N even 
when R is an alkyl group, i.e. when R is not 
electron-withdrawing. The NH proton in 9N is rela- 
tively much more acidic than the proton of CHI in 
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HC=CCH,XHR 

Yt 
[HCSCCHXHR ++ HC=C=CHXHR] 

1”1 
CH=C=CHXHR 

9 

[~~~,,I [ 

\ 

CH+Z=CHXR 
t 5 

CHd-CH=XR 
11 

1 
11 11 

MeC=CXHR CHFCH-CH=XR 

12 “Y 13 
11 c-m 

MeCH=C=XR 
14 

SCHEME 1" 

9c and is therefore closer in acidity to that of the 
internal allenic proton in 9N, and as a result it is 
abstracted much more effectively to yield aldimines 
13N instead of ynamines 12N. If the latter were 
formed, they might have further isomerized to 
ketenimines 14N, but neither 14N nor any products 
resulting from them were isolated. It should also be 
pointed out that basic isomerization of tertiary 
propargylic amines 15 leads to allenamines 16 and 
ynamines 17:Z’.p 

HC=CCH,NR, + CH&=CHNR, + MeC=CNR, 
15 16 17 

To probe the feasibility of further extending con- 
jugation by prototropic isomerization of secondary 
propargylic amines additional amines were investi- 
gated. First amines 3g and 3h were isomerized to 
yield respectively aldimines 18 and 19 of extended 
conjugation. On acid hydrolysis 19 yielded benzal- 
dehyde. 

HC=CCH,NHCH,CH=CH, - 6g - MeCH, 

3g 

=CH,N=CH&H,=C; 
Ha 

18 HIJ 

HC=CCHzNHCHzPh+6h 

3b -+ MeCH,=CH-N=C&--Ph 

19 (cis and rrans) 

That the first step in this isomerization is the for- 
mation of the allylideneamines 6g and 6h which 

“X=CH or N; the numbered formulas of this Scheme 
are marked in the text C or N to indicate if X=fZH or N 
respectively. 

*Resonance structures of the carbanion which on pro- 
tonation will regenerate nonconjugated products are not 
shown. 

then rearrange to 18 and 19 respectively is sup 
ported by the report that ketimines 20 (obtained 
from a&unsaturated ketones and benzylamine) 
rearrange with base to aldimines 21.= The further 
isomerization 

R’CH==CHCR=NCHJ’h + R’CHJJH=CRN=CHPh 

20 21 

of 6g, 6h and 20 is a result of the presence of 
electron-withdrawing groups (vinyl and phenyl) 
which increase the acidity of the protons of the 
saturated CH2 group. This is supported by the 
finding that the prototropic isomerization of 
azomethines is slowed down considerably with in- 
crease in the electrondonating effect of alkyl sub- 
stituents at the saturated carbon which is bonded to 
nitrogen.” In fact no further isomerization was ob- 
served with aldimines 6a-d,f where hydrogens are 
still available on the saturated carbon bonded to 
nitrogen. 

The further rearrangement of 6g and 6h occurs 
via proton abstraction to yield a carbanion. The car- 
banion 22* derived from 6g is symmetrical and 

6g+ ]CH,CH==CHN=CHCH=CH, c, 
CHiCHCH=NCH<HCHJ + 18 

22 

6h - [CH,CH=CHN=CH- 0 / L-4 (i) - 
- 

CH,=CHCH=NCH= 0 - etc.] - 19 
- 

23 

therefore yields on protonation one product, 
namely 18. Of the resonance structures of the car- 
banion 23’ derived from 6h, evidently (i) affords the 
predominant contribution to resonance and as a 
result protonation of 23 yields 19 only. 

Russian workers= also reported that the conden- 
sation of aldehydes and ketones with allylamine 
afforded equilibrated mixtures of imines 24,25 and 
26 and that 24 isomerized to 26 on treatment with 
36% K20 on A&O, at 135-250”. 

RR’&=0 + HzNCH,CH==CH,+ RR’C=NCHzCH<H, 
24,70-90% 

+ RR’CHN==CHCH=CH, + RR’C=NCH=CHMe 
25,10-25% 26,-5% 

Although on analytical WC 18 showed a single 
peak it may be a mixture of the cis and rrans isom- 
ers. The fR spectrum showed a band at 966 cm-’ as- 
signed to a tram double bond, however the cis 
isomer may also be present. The NMR spectrum 
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was of no use in configurational assignment be- 
cause of overlapping multiplets. 

Imine 19 was formed as a mixture of cis and 
Pans isomers. The configurational assignment is 
based upon the larger coupling constant of the Pans 
relative to the cis double bond but the IR spectra 
showed no differentiating features in this respect. 
In contrast to cis-19 in which the Me group is a 
double doublet, each of the two peaks of the Me- 
doublet in tram-19 is a quartet with 0.75 Hz spac- 
ings. This may be due to syn-anti isomerism and is 
supported by the observation that in contrast to 
cis-19 where Hr can be analyzed as a first order 
quintet, Hr in trans-19 is a complex multiplet which 
does not show a first order pattern. This is now 
being further investigated since recently such 
isomerism has been observed in N-(9- 
anthranylidene)alkylamines.‘” 

To obtain even more extended conjugation, 3e 
was oxidatively coupled to give the diyne- 
diamine 27. This on prototropic isomerization with 

3e+ (t-BuNHCH,C&X : 

27 
(t-BuN=CHCH=CH), 

XI 

ethanolic KOH afforded the fully conjugated 
dieneaiimine 28. The colorless crystals, m.p. 
155-158”, obtained by recrystallization and subli- 
mation gave a single spot on TLC and a single peak 
on VPC. Because of the strong band in the IR at 
relatively high frequency (993 cm-‘), absence of a 
cis band at 700-850 cm“ and the high melting point 
it is assigned the trans-trans configuration.‘6 

The only thorough report of base treatment of a 
secondary propargylic amine is that of N-phenyl- 
propargylamine 3Ln When heated with piperidine at 
140” for 42 hr it afforded aniline in 20% yield and 
trace yields of three isoindoline derivatives.” 
Aniline (1.6% yield) and one of the three isoin- 
doline derivatives (2.7% yield) were also isolated 
on heating 31 at 140” for ca 70 hr without base.a We 
have found that when 1 was heated with satd t- 
BuOK in t-BuOH at 90” for 13 min aniline (17% 
yield) was the only product isolated. A mechanism 
to rationalize the isomerization results in piperidine 
was advanced.2R 

The base treatment of dipropynylamines 29a-d 
leads to rearrangements which differ considerably 
from those of amines 3a-i. We shall first discuss 

2%: R=R’=R’=H 
b: R=R’=H, R’=Me 
r: R=R’=H, RI-Me 
d: R=R*=Me, R’=H 

29b-d which afford aromatized products 

(alkylpyridines) and then the unsubstituted amine 
29a which gives nitriles and oximes by skeletal re- 
arrangements. 

Amines 29b-d were prepared by the following al- 
kylation reactions which also yielded amines 30.31 
and 32: 

MeC=CCH2Br + NH, + MC=CCH,NH, + 

30 

(MeC=CCH&NH + (MeC=CCH,),N 

2w 

MeC=CCH,Br + HC=CCHINH,-, MeC 

31 

&CHINHCH,C=CH + (MeC=CCH,),NCHEECH 

29b 

HCeCHMeBr + HC=CCH1NH2 + HC 

32 

=CCHMeNHCHG=CH 

29c 

When 29b and c were heated with satd t-BuOK in 
t-BuOH to ca 90” an exothermic reaction occurred: 
29b afforded 3ethylpyridine (33) (16% yield), 3,4- 
lutidine (34) (8% yield) and two unidentified pro- 
ducts of higher molecular weights; 29e afforded 
only 2,3-lutidine (35) (16% yield) and none of 2,5- 
lutidine (36). Isomerization of 29d proceeded 
slowly and only after many hours reflux with satd 
t-BuOK in t-BuOH it gave 3ethyl4picoline (37) 
(9.3% yield) (Scheme 2). 

The aromatization of diacetylenic hydrocarbons 
on heating with strong base has been reported: thus 
diynes of types 38 (n = 3-6, 10, 17) and 39 (n = 
12)= and cis 4octene- 1 ,7-diynem yielded aromat- 

HC=C(CH,).C=CH Me(CH& (C=CL(CH,). Me 

38 39 

ized as well as other products. It was proposed that 
aromatization occurred by way of prototropic 
isomerization to a cis diene-allene followed by an 
intramolecular Diels Alder reaction.‘p.3c Some 
doubt was cast on this mechanism when Hopf3’ re- 
ported that lJ-hexadiyne on heating with t-BuOK 
in boiling diglyme cyclized to benzene, an aromat- 
ization which could not occur by the above 
mechanism. We however apply the above mechan- 
ism as it predicts correctly the aromatized products 
and their relative yields (Scheme 2). 

The hydrogens of the saturated carbon atom of 
an unsubstituted propargylic group are more acidic 
than those of alkyl-substituted propargylic groups 
because of the electron-donating effect of alkyl 
groups. Therefore 29b and c which still contain an 
unsubstituted propargylic group witi isomerize fas- 
ter than 29d which has only substituted propargylic 
groups: in fact 29b and c isomerized fast and exo- 
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thermically whereas 2W required many hours for 
isomerization as indicated above. Furthermore, in 
2% and c isomerization by route (1) will be faster 
than by route (2) because in the former the cis-l- 
aza-lJ-diene moiety 40 is generated from the un- 
substituted propargylic group and therefore higher 
yields are expected via that route. 

Iv’ 

L / 
40 

That 29b-d do not isomerize in the manner of 3g 
and 3h to yield linear conjugated products 41* is in 
accord with the above mechanism. Thus it has been 
indicated that the first product in all the amine 

MeCH=CHN=CHC=CH 

41 CHF=CHCH=NCH,CGCH 

42 

isomerizations treated here is the a,p-unsaturated 
imine (e.g. 6g, 6h, 42). The next step is a proton ab- 
straction to yield a carbanion. In the case of carban- 
ion 43+ derived from 42, resonance structure (ii) is 
more important than (i) because the negative charge 
resides on an sp2-hybridized carbon. Structure (ii) 

42 - 

[ 
CH,CH=CHN=CHC=CH - 

N- 
Q- 1 

(ii) 

can however undergo at once an intramolecular 
Diels-Alder closure and thus yield alkylpyridines. 
It is conceivable that some alkyl-substituted type 41 
products were formed from 29b-d but they may 
have polymerized under the severe reaction condi- 
tions as indicated by the large polymeric residues 
obtained on distilling the isomerization mixtures of 
2%-d. 

When the unsubstituted dipropynylamine 29a 
was heated with satd t-BuOK in t-BuOH at 70” it 
led to skeletal rearrangements totally different from 
those of all the other amines described until now. 
The reaction was exothermic and yielded a mixture 
which on chromatography gave the cis- and trans- 
S-t-butoxy-2-methyl4pentenenitriles (44a and b) 
(5: 19; 40% yield), small amounts of the cis- and 
trans-6-t-butoxy4hexen-3-one oximes (45a and b) 
and 4-cyano-n-valeraldehyde (46) (Scheme 3). Al- 

*For simplicity the following arguments are exemplified 
with 29a instead of 29b-d, althouah only the latter amines 
gave aromatized products. - _ 

tSee footnote page 4113. 

dehyde 46 had not been present in the crude 
isomerization mixture and was formed by hyd- 
rolysis from nitriles 44a and b during chromatog- 
raphy on Kieselgel. By analogy with the substituted 
dipropynylamines 2!%-d, 3-picoline is the expected 
product of rearrangement. It was however not 
formed at all in this isomerization. Also as with all 
the amines described until now, no isomerization 
took place at room temperature with satd t-BuOK 
in t-BuOH and 29a was recovered unchanged. Slow 
isomerization to the cis- and trans-nitriles 44a and 
b occurred with t-BuOK in diglyme at 5” and then at 
room temperature, the conditions used to isomerize 
31 to 6f at 0”. No oximes were formed during the 
isomerization in diglyme. 

The structures of nitriles 44a and b were eluci- 
dated from their UV, IR, NMR and mass spectra as 
well as from their degradation via cyanoaldehyde 
46 and 4-cyano-n-valeric acid (48) to a- 
methylglutaric acid (49) (Scheme 3). Hydrolysis of 
the vinyl moiety in 44a and b with 2N H@, in 
dioxane afforded only the aldehyde 46 whereas 
hydrolysis of 44b in MeOH gave an equilibrated 
mixture of 46 and its dimethyl acetal 47 (3 : 7). The 
same equilibrium mixture was obtained from 46 and 
2N HISOI in MeOH. The configurational assign- 
ments of 44a and b are derived from their out-of- 
plane deformations in their IR spectra (44~ 
735 cm-‘; 44b: 929 cm-‘) and the larger coupling 
constant between the ethylenic protons in 44b as 
compared to that in 44a. 

The oximes 45a and b were obtained in low yields 
as impure materials, possibly contaminated by hyd- 
roxylated components since the elemental analysis 
of 45a showed a low value for carbon and the NMR 
spectra of both isomers on shaking with D,O have 
lost impurity absorptions and have thus become 
amenable to first order analysis (these impurity ab- 
sorptions were regenerated after shaking with 
HzO). The constitutions of the isomers 45 were 
therefore elucidated from their first order NMR 
spectra and double irradiation experiments after 
having been shaken with D20 (Experimental). An 
alternative structure 50 is excluded since the NH 
proton of a&l-unsaturated secondary amides reso- 
nates 

t-BuOCH,CH=CHCONHEt 
So 

at much higher field (by ca 3-4 ppm)‘2” than the 
NOH proton of a$-unsaturated ketoximes,” while 
the methylene protons of alkyl groups attached to 
NH in the former resonate at lower fields (by ca 
i-5-2 ppm)‘** than the methylene protons of alkyl 
groups bonded to carbon of the carbon-nitrogen 
double bond in ketoximes.‘3 Also the UV spectra of 
the two types of compound support the structure of 
an a$-unsaturated ketoxime% and not that of UI 
a$-unsaturated secondary amide.” 

The configurational assignments of the ethylenic 
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HC=CCH,NHCH,C=CH 

29a 

70” 1 t-BuOK/t-BuOH 

MeCHCN 
I + t-BuUCH>CH.=CHbCEt=NOH 

CH,CH=CHOt-Bu 

44 (a: cis) 45 (a: cis) 
(b: tram) (b: tram) 

MeCHCN 

+ I 
CH#ZH,CHO 

46 

1NH$0, 
44aor44b-46 

‘i,o..nr 

*N”p, 
MeCHCN ZNHIJO, 

44b-46+ -46 
M&H CH,CH,CH(OMe)2 Hr”” 

47 

K:M”O, MeCHCN m.2 N&H MeCHCO,H 

46- I P 
4NH*SO, 

CHXHEO,H CH,CHzCO>H 

48 49 

SCHEME 3 

bond of 45a and b are based upon the IR out-of- 
plane deformation which in the tram isomer 4Sb 
appears at !X4cm-’ but is absent in the cis isomer 
45a. Further support for these assignments is the 
larger coupling constant between the ethylenic pro- 
tons in 4Sb than in 4Sa. The larger allylic coupling 
constant in the cis isomer (1.5 Hz) relative to that 
in the tram isomer (O-75 Hz) is also indicative of 
the correct configurational assignment.j6 

The trans oxime 45b shows in the NMR two 
broad hydroxylic peaks as well as doublet fine 
structure in the Me and CH, peaks of the Et group. 
The cis oxime 45a has a very broad hydroxylic 
peak (hhw 20 Hz) and also shows as 45b the doublet 
splittings in the Et group. These observations indi- 
cate that both oximes may exist as mixtures of 
syn-anti isomers. In this respect it is interesting to 
note that whereas in cyclic a,B -unsaturated ketox- 
imePb the aethylenic proton and a-methylene 
protons have well separated resonances for their 

syn and anti isomers, the peaks of the multiplets of 
both ethylenic protons in 45a and b are sharp. 

An attractive but tentative mechanism for the 
overall isomerization of 2% to nitriles 44a and b 
involves a Cope-(or Claisen)-type [3,3] sigmat- 
ropic rearrangement concomitant with several pro- 
totropic shifts. One such pathway is depicted in 
Scheme 4. The mechanism may be modified so 
that the sigmatropic rearrangement and the addition 
of t-BuOH take place at other stages of the sequ- 
ence of prototropic shifts. Nontheless the sigmat- 
ropic rearrangement seems to take place at the 
stage given in Scheme 4; otherwise the next step 
which would have involved formation of 51 would 
have led to aromatization as in the cases of 2%-d, 
but as has been indicated no 3-picoline was formed. 

CHPCHCH=NCH,C=CH 
51 

Such Cope-like rearrangements occur in 1,5- 

29a 

SCHEME 4 
l-em Vol. 29 No. 24-F 
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diynes” and l-en-5-yne? at co 350400” but prop- 
argyl vinyl ethers,39 propargyl vinyl thioethersqhb 
and ketenemercaptals* undergo Claisen-like rear- 
rangements at lower temperatures (200-300”, 
lOO-120”. and room temperature respectively). It is 
therefore conceivable that rearrangement may take 
place at lower temperatures as in the case of 2%. 
There remains the question why the substituted 
2%-d do not undergo this type of rearrangement 
but aromatize. It has been observed that in the case 
of the 1,5diyne and l-en-5yne hydrocarbons’7.M.4’ 
alkyl substitution at the triple bond retarded the 
[3,3] sigmatropic rearrangement and it has been ar- 
gued that this might be due to the greater stabiliza- 
tion of the sp- versus sp’-hybridized carbon by 
alkyl, or else also to steric effects. This may explain 
the lack of sigmatropic rearrangement in the cases 
of 29b and d but not in the case of 2!k because 2- 
methyl-1-hexenJ-yne rearranged faster than both 
I-hexen-5-yne and I-hepten-5-yne.” 

The reaction leading from 29a to the oximes 45 
involves a 1,2-shift of carbon from nitrogen to car- 
bon as well as the addition of t-BuOH and HZ0 
molecules. It therefore may proceed by a mechan- 
ism different from that leading to the nitriles 44. 

The results of this investigation indicate that the 
prototropic isomerization of secondary propargylic 
amines imitates to a large extent the isomerizations 
of acetylenic hydrocarbons and therefore should be 
useful in the preparation of more complex conju- 
gated cyclic hetero-systems, such as hetero- 
annulenes. 

EXPERIMENTAL 
M.p.s (Fisher-Jones apparatus) and b.p.s are uncor- 

rected. IR spectra: on Perkin-Elmer Infracord spec- 
trophotometers Models 137 and 237 (only significant 
bands are given). UV spectra: on a Cary Model 14 spec- 
trophotometer. NMR spectra: on a Varian Model A-60 
spectrometer (unless otherwise stated) and on a Bruker 
Model HFX-10 spectrometer operating at 90 MHz. Mass 
spectra: on an Atlas CH-4 spectrometer. TLC on glass 
plates coated with Kieselgel G (Merck AG, Darmstadt) 
and on TLC cards SIF coated with Kieselgel with fluores- 
tenting indicator (Riedelde Haen AG, Seelze-Hannover) 
using UV fluorescence, iodine and a KMnO.-Cu(OAch 
spray as indicators. Column chromatography on Kieselgel 
60 (mesh 70-230) for column chromatography (from 
Merck). Analytical and preparative VPC on an Aerograph 
Autoprep Model A-700 instrument, using a column of 20% 
silicon GE SF-% on firebrick (mesh 60-80). 5 ftx0.25 in. 
Elemental analyses of the unsaturated aldimines were 
done immediately after distillation and elution by prepara- 
tive WC. 

N-n-Heptyl-2-propynylamine @a) and N-n-heptyldi-2- 
propynylamine (4a). Propargyl bromide 1 (31.2& 
0.26 mole) was added dropwise to a stirred and ice-water- 
cooled mixture of n-heptylamine (Wg, 0.78 mole) and 
water (30 ml) in 70 min. The mixture was stirred overnight 
at room temp, NaOH pellets (18g) were added and the 
mixture was extracted with ether. The ether extracts were 
washed with satd NaCl aq and dried (K,CO,). The solvent 
was evaporated and the residue distilled. A fraction of 3s 

b.p. 6749”/2 mm, (13.4 g. 95% pure, 34% yield) was col- 
lected. The residue after several redistillations yielded tin- 
ally on bulb-to-bulb distillation a cut of pure 4~. bath temp 
70-9tWO.2 mm (0.6 g. 2.4% yield). 

The other amines 3b-g and 4Cg were prepared in simi- 
lar fashion and in similar yields from 1 and the appropriate 
amine 2 and were purified by several distillations. Analyti- 
cal samples were obtained by preparative WC. Table 1 
records their b.p.s (and m.p.s of hydrochlorides) and 
analytical data and Table 2 their IR and NMR spectra. 

2-Butynylamine (30). di-2-butynylamine (29d) and tti-2- 
butynylamine (31). I-Bromo-2-butyne& (144 g, IX)8 mole) 
was added dropwise in 70 mitt to a stirred and ice-cooled 
soln of ammonia (55 g, 3.2 mole) in EtOH (1.44 I). The 
cold soln was stirred for 2 days. Most of the solvent was 
distilled and the concentrated soln was filtered. Aqueous 
NaOH (47 g. 200 ml H20) was added, the mixture was ex- 
tracted with ether and the ether extracts dried (K,CO,). 
After distilling the solvent the residue was fractionated to 
give the following fractions as colorless liquids: 30 (1.8 g, 
2.4%). b.u. 52-55”/60 mm (lit.” b.u. 112”): 29d (2.2 a. 
3.3%j; b.;. 138141”/6Omm’; and 3i (IO~O’~, 16%j, b.p: 
135-138”/3.5 mm. Analytical samples of 2W and 31 were 
obtained by preparative VPC. Amine 29d, colorless 
liquid; IR (CHCI,) 2212~ (c=C) cm-‘; NMR (CDCI,) 8 
l-68 (s, IH, NH); 1.82 (1. J=2.5Hz, 6H, Me); 3.46 (q, 
J=2.5 Hz, 4H, CH,). (Found: C, 79.45; H, 8.89; N, 11.53. 
Calc. for CaH,,N: C, 79.29; H, 9.15; N, 11.56%). Amine 31 
colorless liquid; IR (neat) 2222~ (CEC) cm-‘; NMR 
(CDCI,) S 1.82 (1, 1=2.5 Hz, 9H, Me); 3.38 (q, J=2.5 Hz, 
6H, CH,). (Found: C, 83.38; H. 8.58; N, 7.82. Calc. for 
C,zH,sN: C, 83.19; H, 8.73; N, 8.09%). 

N-(2-Butynyl )-2-propynylamine (29i$ and N-(2- 
propynyl)-di-2-butynylamine (32). I-Bromo-2-butyne* 
(9.6 g. 72 mmole) was added dropwise in 3 hr to a stirred 
and ice-cooled mixture of 2-propynylamine (Aldrich 
Chemical Co.) (12.3 g, 223 mmole) and water (4 ml). The 
mixture was stirred overnight at room temp. NaOH pel- 
lets (10 g) were added and the mixture was extracted with 
ether and the ether extracts dried (K*CO,). After distilling 
the solvent the residue was fractionated in uacuo to give 
29b (2.2 P. 2%) as a colorless liauid. b.u. 99-102”/30 mm. 
The‘resildue &.s distilled to give .a colorless fraction 
(1.7 g). b.p. 90-l 12”/4 mm which was a mixture (ca 1: 1) of 
32 and a component which was not identified and which 
on VPC had a longer retention time than 32. Analytical 
samples of 29b and 32 were obtained by preparative WC. 
Amine 29b. colorless liquid; IR (CHCI,) 3289s and 2179w 
(HC=C): 2222~~ (MeCS) cm“; NMR (CDCI,) 8 1.62 
(s, lH, NH); I.82 (d, J=2.5 Hz, 3H, Me); 2.24 (1. J= 
2.5 Hz, lH, HC=C); 3.45-360 (m, 4H, 2CH2). Amine 
2W.HC1, colorless crystals (MeOH-eJher), m.p. 128-131”. 
(Found: C, 58.04; H, 6.78. Calc. for C,HloNCI: C, 58.54; 
H, 7.02%). Amine 32, colorless liquid; IR (neat) 3257s and 
2208~~ (HC=C); 2268~~ (MeC&) cm. ‘; NMR (CDCI,) 
6 1.82 (1. J=2.5Hz, 6H, Me); 2.24 (t, 1=2*5Hz, IH, 
HC=C); 3.35-3.55 (m, 6H, 3 CH,). (Found: C, 82.88; H, 
8.18: N. 8.81. Calc. for 
8.80&). 

C,,H,,N: C. 8297: H. 8.23: N. 

N-(1-Methyl-2-propynyl )-2-propynylamine (29~). 3- 
Bromo-I-butyne” (299 g, 23 mmole) was added dropwise 
in 85 min to a stirred and ice-cooled mixture of 2- 
propynylamine (5 g. 91 mmole) and water (1.5 ml). The 
mixture was stirred overnight at room temp. NaOH pel- 
lets (4 g) were added and the mixture extracted with ether, 
and the ether extracts dried (KEO,). After distilling the 
solvent the residue was distilled to give 2% (1.9 g, 7%) as 
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Table 1. B.P.s and k4.P.s (of Hydrochlorides) and Analytical Data of Amines 3a-g and 411-g 

Calculated (%) Found (%) 

Compd B.p./mm (or M.p.) Formula C H N C H N 

3a 

3a.HCI 

4s 
3b 

3b.HCI 

4b 
3c’ 

3c.HCI 

4eb 
&I’ 
4dd 
3e 

3e.HCI’ 

4e’ 
3f’ 

;, 

s9 

67-6912 
colorless crystals 

175-177 (dec.) 
(MeOH-ether) 

70-9010.2’ 
48-5010.8 

colorless crystals 
174-176 

(MeOH-ether) 
60-6210.6 
78-81/24 

colorless crystals 
176178 

(MeOH-ether) 
57-58lO.8 
127-129 

95-98165 
37-39126 
needles 
215-217 

(MeOH-ether) 
78-79122 
48-50/l .5 

6610.5 
38-40126 

73124 

C,&H,,N 78.37 12.50 9.14 7798 12.20 9.50 

C,oH,NCI 63.30 IO.63 7.38 63.20 IO.51 7.54 

C,,Hz,N 81.61 Il.06 7.32 81.42 1090 7.50 
CsH L,N 77.63 12.31 IO.06 77.19 12.02 9.89 

CpH,,NCl 61.52 IO.33 797 61.57 IO.13 8.10 

CuH,,N 81.30 10.80 790 81,53 IO.76 7.78 
CaH,,N 76.74 12.08 II.19 76.50 12.13 II.27 

C.H,,NCI 59.43 998 8.66 59.62 9.% 8.73 

CI,H,,N 8092 IO.50 8.58 80.71 IO.38 8.73 

C,H,,N 75.61 11.79 12.60 7540 1160 12.76 

CmH,,N 8048 IO.13 9.39 80.69 994 9.23 

Cl,H,,N 82.23 9.78 799 81.81 946 766 

GH,,N III.16 8.33 IO.52 8099 8.25 IO.30 

“Lit.” b.p. 55-56”/0*1 mm; blit.” b.p. 68-7O”lO~l mm; ’ lit.” b.p. 123”; ’ lit.” b.p. 90-92”/55 mm; ‘lit.“” b.p. 127-129” 
and “I b.p. 125-126”;’ lit.“b m.p. 202-203”; ‘lit.” b.p. 74-76”118 mm; *lit.“’ b.p. 98-loo”/30 mm; ’ lit.“’ b.p. 123”; ‘bulb- 
to-bulb distillation (bath temp). 

a colorless liquid, b.p. 60-62’133 mm; IR (neat) 3226s and 
2101~~ (HC=C) cm-‘; NMR (CCL) S 1.12 (s. IH, NH); 
I.37 (d, J=6.5 Hz, 3H, Me); 2.08 (1. 5=2.5 Hz, IH, 
HC&CH,); 2.17 (d, J=2.5 Hz, IH, HCmrCCHMe); 3.49 
(d, .J=2.5 Hz, CHJ and 3.65 (qd, J,,H=6.5 Hz, 
J CH--C-CH=2.5 Hz, Chime, the high-field doublet of the 
quartet of doublets is overlapped by the CHI doublet) 
(multimets at 3.49 and 3.65 intearate to 3H). (Found: C, 
78.14;‘H, 8.25; N, 12.77. Calc. for C,H,N:.C; 78.46; H, 
8.47; N, 13.07%). 

N,N’-Di-t-butyl-2.4~hexadiyne-1, 64amine (27). A soln 
of 3e (4.83 g) in 2N HCI (26 ml) was added to a mixture of 
NH.CI (26 g). powdered CuCl (8.5 g) and water (25 ml). 
The mixture was heated to 55”. vigorously stirred and 0, 
was bubbled in for 6 hr. Concentrated ammonia (25 ml) 
was added to the cooled mixture which was then ex- 
tracted with ether. The ether extracts were washed with 
satd NaCl aq and dried (K,CO,). The solvent was evapo- 
rated and the residue was submitted to a bulb-to-bulb dis- 
tillation (bath temp 1 IO-125’10.25 mm) to give 27 (3.9g, 
81%) as a pale yellow liquid which soon solidified to pale 
yellow crystals. For elemental analysis a sample was sub- 
limed (bath temp l13-120“/0*25 mm) to furnish 27 as col- 
orless crystals, m.o. 54-55”. IR (CHCI,) 2257~ (CS) 

-‘; UV (EtOH) i, 257, 243 nh (c 422 715) and end 
i:orption (at A 220:;. E 2. 130); NMR (CCL) 6 0.80 (s, 
2H, NH); I.08 (s, l8H, t-Bu); 3.38 (s, 4H, CHI). (Found: 
C, 76.10; H. 10.70; N, 12.91. Calc. for CI.HXN2: C, 76.31; 
H. 1098; N, 12.71%). 27.HCl. colorless crystals (MeOH), 

m.p. (placed on block at 253”) 260-265” (decomposition). 
(Found: C, 57.59; H, 8.82; N, 9.63. Calc. for C,.H,,N2C12: 
C, 57.33; H, 8.94; N. 9.55%). 

N-ANylidene-n-hepfylumine #a). A mixture of 3s 
(597 a) and satd t-BuOK in t-BuOH (60 ml) was stirred 
and heated under moisture exclusion at lod“ for I5 min: 
the mixture became dark brown. It was cooled, taken up 
in pentane, washed with satd NaCl aq and dried (K2C03). 
Analytical VPC showed the soln to contain 6~ (3.15g. 
53%) but no 30. The solvent was evaporated and the re- 
sidue distilled at bath temp 120-140”/2~5 mm to give 68 
(2.7 g, 45%) as a pale yellow liquid and a dark brown visc- 
ous oil (2.07 g) as residue. The distillate was redistilled to 
give 6a (1.4g. 23%) as a very pale yellow liquid, b.p. 
50-53°/l~2 mm. It is a severe lachrymator and possesses a 
characteristic odor. With 10% AgNO, in EtOH-H,O 
(IO: 1) a silver mirror is formed within l-2 min. On stand- 
ing at room temp in the dark or for a longer time in a 
refrigerator it polymerizes to an orangecolored viscous 
oil. It also decomposes on standing in CHCI, soln. I’ure 
colorless samples were obtained by preparative VPC and 
were submitted at once to spectral and elemental analysis. 
IR (neat) 1645s and 1605s (C=C-C=N); 995s and 925s 
(CHAH); 1825~ (CH, = overtone) cm-‘; UV (EtOH) 
.&a 214nm (c 24,100); NMR (CDCI,) 6 3.46 (t, J = 
6.5 Hz, 2H, NCH,); 5.4-5.9 (m, 2H, H. and H,); 6. Iti. 
(m, lH, HJ; 7.88 (d. J,, = 8 Hz, IH, H,). (Found: C, 77.93; 
H, 1192; N, 9.21. Calc. for C,oH,,N: C, 78.36; H, 12.50: 
N, 9.14%). 
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t-BuOH (2.5 ml) was evaporated to dryness in uacuo and 
dried at 160’for I5 min and then suspended in freshly dis- 
tilled diglyme (5 ml). The suspension was added dropwise 
in 3 min to a stirred solution of 31 (Oe27g) in diglyme 
(2.5 ml) cooled to 0”. The mixture was stirred at 0” for 
25 min, worked up as usual and dried (K,CO,). By analyti- 
cal VPC the mixture contained 3f (5Omg. 18%) and 61 
(166 mg, 61%). 

Treatment of 61 with maleic anhydride. Powdered 
maleic anhydride (0.19 g. I .9 mmole) was added slowly in 
small portions to a stirred solution of 61(0.27 g. 2 mmole) 
in benzene (2 ml) cooled to 12”. Within I min the mixture 
became yellow and then a brown ppt formed. Filtration 
and washing with pentane furnished a brown powder 
(309 mg), insoluble in benzene, ethanol and ethyl acetate 
and moderately soluble in CHCI,. 

Treafmenf of 31 with t-BuOK in t-BuOH.“.” A mixture 
of 31” (I.1 g) and satd t-BuOK in t-BuOH (9ml) was 
heated at 90” for 13 min when it became dark brown. It 
was diluted with pentane to give a large brown polymeric 
precipitate. The pentane soln was decanted, washed with 
satd NaCl aq and dried (K2COL). Analytical VPC showed 
that 31 was absent from the soln but that it contained 
aniline (ca 133 mg, 17%). The soln was concentrated, ex- 
tracted with 2N HCI when more solid precipitated. The 
acidic layer was made basic with 2N NaOH and extracted 
with ether. The ether extract was washed with satd NaCl 
aq and dried (K,CO,). On evaporation it afforded aniline 
(% mg, 12%), identical with an authentic sample by IR and 
VPC. 

Isomerization of 27. A mixture of 27 (0*9g) and a 
solution of KOH in abs EtOH (0.56 g KOH, 6 ml EtOH) 
was stirred and heated at 90” for 40 min. A dark brown 
soln resulted. On addition of pentane a large black 
polymeric ppt formed. The pentane soln was decanted, 
washed with satd NaCl aq and dried (KEO,). The filtered 
solution contained 2.4hexodien- 1,6&d-di-t-butylimine 
(28) (0*6g, 67% yield as determined by UV). Concentra- 
tion of the solution in vacua in the cold gave on filtration a 
batch of 28 (85 mg, 8.6% yield, 91% pure by UV) as a 
crystalline yellow solid. The filtrate was then evaporated 
to dryness and on a bulb-to-bulb distillation at bath temp- 
erature 70-95O10.2 mm yielded additional diimine 28 
(0.28 g, 17.3% yield, 88% pure by UV) as a mixture of pale 
yellow crystals and oil. For elemental and spectral 
analysis a sample of the above distillate was crystallized 
from pentane to furnish colorless crystals which were 
sublimed at bath temperature 1 IO-130”/0.2 mm to furnish 
28 as colorless crystals (with very faint yellow tinge), m.p. 
155-158” (placed on block at 148”) and giving a single spot 
on TLC and a single peak on VPC; IR (CHCI,) 2865s. 
1613s. 1567w, l445m, 1351s. 1122s. 994s, 901-881 br, 
m cm-‘; IR (CS,) 2890s. 1618s. 1350s 1203s. 1122s. 993s. 
899870 br. m cm ‘: UV (EtOH) A,,,.. 280, 290, 302 nm (E 
49,500,62,600,48,5tlO); NMR (Ccl,) (at 90 MHz) 6 1.22 (s, 
l8H. t-Bu): 6.2-6.7 (m. 4H. CH=CHCH=CH): 7.93 (d. 
J = 7.5 Hz,‘2H, N=CH); intense double irradiation at the 
6.2-6.7 region caused collapse of the N=CH doublet to 
a fine-structured singlet (hhw 3.5 Hz) and intense double 
irradiation at the N=CH doublet only caused changes in 
the appearance of the multiplet at the 6.2-6.7 region but 

*In a separate experiment in which the cooled mixture 
(before work-up) was injected directly on a VPC column 
it was verified that no 3-picoline was formed (although a 
yield of co 0.5% could have been detected). 

did not reduce its complexity. (Found: C, 75.77; H, 10.78; 
N, 12.36. Calc. for C,.H,N2: C, 76.31; H, 1098; N, 
12.71%). The diimine is converted very fast at room temp- 
erature to a brown polymer. 

Isomerization of 2%. A mixture of 2W (1.39 g) and satd 
t-BuOK in t-BuOH (60 ml) was refluxed for 7 hr. Aliquots 
removed after 25 mitt, 4 and 7 hr reflux showed by analyti- 
cal VPC the following ratios of 29d-37: 9: 1; 2.4: 1 and 
I.1 : I respectively. The reaction mixture was poured on 
satd NaCl aq and extracted with ether. The ether extracts 
were dried (K2C0,). filtered and the solvent evaporated. 
The residue was submitted to a bulb-to-bulb distillation to 
furnish a colorless liquid (0.28 g) of a mixture (I.1 : I) of 
2W and 37 (9.3% yield of 37) as determined by analytical 
VPC as well as a large brown polymeric residue. Pure 
samples of 2W and 37 were obtained by preparative VPC 
from the distillate and their structures were verified by 
analytical VPC and spectral comparison (IR, NMR, UV) 
with authentic samples. 

Isomerization of 29b. A mixture of 29b (1.8g), dry t- 
BuOH (2 ml) and satd t-BuOK in t-BuOH (15 ml) was stir- 
red and heated. When bath temp reached 95” (after IO min 
heating) the reaction became exothermic. The bath was 
removed at once and the dark brown mixture poured on 
satd NaCl aq, extracted with ether, and the ether extracts 
were dried (KEO,) and filtered. Most of the solvent was 
distilled and the residue was shown by VPC to contain 33 
(285 mg, 16% yield), 34 (145 mg, 8% yield) (both being 
eluted from the VPC column at 807, a component A (ca 
I50 mg) eluted at 130” and a component B (ca 45 mg) 
eluted at 170”. The reaction mixture contained no 29b. The 
above residue on vacuum distillation yielded a distillate 
(0.49g) composed of 33, 34 and A, as well as a black 
polymeric residue. Compounds 33 and 34 were eluted by 
preparative VPC and their structures were verified by 
analvtical VPC and snectral comnarison (IR. NMR. UV) 
with-authentic samples. The two other products (A and B) 
have not yet been obtained pure. 

Isomerization of 29c. A mixture of 29e (1.25 g). dry t- 
BuOH (I ml) and satd t-BuOK in t-BuOH (13 ml) was stir- 
red and heated. After I5 min the bath temp reached 90” 
and the reaction became exothermic. The bath was re- 
moved at once and the dark brown mixture was cooled. It 
was poured on satd NaCl aq and extracted with ether, the 
ether extracts dried and filtered. Most of the solvent was 
distilled and the residue contained as determined by 
analytical VPC 35 (200 mg, 16% yield) as sole product of 
the same molecular weight as 29e (no 2k was present in 
the mixture). The residue yielded on vacuum distillation 
35 (120 mg) and a black polymeric residue. The structure 
of 35 was verified by analytical VPC and spectral com- 
parison (IR, NMR, UV) with an authentic sample. 

Isomerization of di-2-propynylamine (294 with t- 
BuOK on t-BuOH at 70”. A mixture of 29a (from Aldrich 
Chemical Company; 5.02g), dry t-BuOH (10ml) and 
satd t-BuOK in t-BuOH (4Oml) was stirred and heated. 
At 70” the reaction became exothermic and the mixture 
turned black. The bath was removed at once, the mixture 
was cooled, diluted with ether, washed with satd NACI aq 
and dried (MgSO,). Analytical VPC of the filtered soln in- 
dicated that it was composed mainly of nitriles 44a and b 
(I :3.8) and very small amounts of oximes 45n and b 
(I : I).* The soln was concentrated and chromatographed 
on Kieselgel (230 g). Elution with pentane-ether (11 : I) 
furnished a mixture of nitriles 440 and b as a pale yellow 
liquid (3.6g, 49%; 5: I9 by VPC) and elution with ether 
gave an oily mixture (1.23 g) composed (as determined by 
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VPC) of oximes 4Sa and b, the cyanoaldehyde 46 and 
other minor components which were not identified. Re- 
chromatography of the nitrile mixture (3.6 g) on Kieselgel 
(250 n) and elution with wntaneether (12: 1) afforded 44s 
(0.72‘& 8%) and elution‘with pentane-&er~(l2: I to 9: 1) 
gave 44b (2.65 g, 29%) as pale yellow liquids which were 
homogeneous by TLC and VPC. For elemental analysis 
and physical properties pure samples were obtained by 
preparative VPC. 

cis-Nitrile 4411, colorless liquid, b.p. 229” (determined 
by the micromethod of Garcia?; IR (neat) 2227~ (CN); 
1656~s (C--C); 1258s, 1189~. I124br. s and 1075s (t- 
BuOC=C); 735br. m(cis CH=CH) cm-‘; UV (EtOH) end 
absorption only; NMR (CDCI,) 8 1.28 (s, 9H. 1-B”); 1.30 
(d,J = 75 Hz,3H,Me, the 2 peaks of the Me doublet flank 
the t-Bu singlet*); 2.15-3.00 (m, 3H, CH,CHCN); 446 
(quartet with broad inner peaks resulting from a first order 
A,MX pattern: J,,,, = 6 Hz, JcHFH_ = 7.5 Hz, lH, 
CH,CH=); 6.38 (dt, Jc,,,, = 6 Hz, Jc*H-CH = I Hz, 
lH, =CHO). (Found: C, 7180; H, 10.33; N, 8.20; mass 
spectrum, M’ at m/e 167. Calc. for Cd&ON; C, 71.81; 
H, 10.25; N, 8.38%; M’ 167). 

trans-Nitrile 44b, colorless liquid, b.p. 241-242” (deter- 
mined by the micro-method of Garcia~; IR (neat) 2232~ 
(CN); 1661~s (C--C); 1245s. 1189m. and 1152~s (t- 
BuOC=C); 929s (trans CH=CH); 875mcm-‘; UV 
(EtOH) end absorption only; NMR (CDCI,) 8 1.28 (s, 9H, 
1-B”): 1.28 Id. J = 6.5 Hz. 3H. Me. the 2 neaks of the Me 
doublet flank the t-Bu singlet (see footnote to the NMR of 
4la)]; 2.0-3.0 (m, 3H, CH,CHCN); 4.96 (sextet resulting 
from a first order A,MX pattern: Jc,,,, = 12 Hz, 
ICHIC”_ = 7 Hz, lH, CH,CH=); 6.43 (dt, Jc,,,, = 12 Hz, 
J CHFHdH = 1 Hz, lH, =CHO); at 90 MHz: 2.25 (triplet 
resulting from a first order AM2 system: JCHFH- = 7 Hz, 
J CHCHCN = 6.5 Hz, 2H, CH& 260 (sextet resulting from a 
first order A,MXI system: Ju,, = 6.5 Hz, JcHsH~N = 
6.5 Hz, lH, CHCN); the other signals show the same pat- 
terns as in the 60 MHz spectrum; double irradiation at 
CH, caused collapse of the CH=CHO sextet to a doub- 
let, verifying that I,,,, = 12 Hz; double irradiation at 
CHO caused collanse of the CH=CHO sextet to a triplet, 
thus affording I&, = 7 Hz. (Found: C, 71.83; H, lb.135 
N, 8.20; mass spectrum M’ at m/e 167. Calc. for 
C,BH,,ON: C, 71.81; H, 10.25; N. 8.38; M’ 167). 

Chromatography of the mixture containing the oximes 
(1.23 g) on Kieselgel (100 g) and elution with ether 
afforded fraction A (oil) cornnosed of the aldehyde 46 and 
the cis-oxime 4Sa (0.63 g, I-2.5 by WC) and fraction B 
containing the trans-oxime 45b (0.5 g. 5%) as a yellow oil 
which crystallized in the cold. 

A pure sample of 46 was obtained by preparative VPC 
from fraction A as a colorless liquid and was identical by 
IR, NMR. TLC and VPC with a sample obtained by hyd- 
rolysis of nitriles 44a and b (uide infra). 

Fraction A also afforded on preparative TLC 
(developed with hexaneether, 5 :95) followed by distilla- 
tion (bath temperature 90-110“/0~9mm) and preparative 
VPC the cis-oxime 45a as a colorless liquid, homogeneous 
by TLC and VPC but still impure by elemental analysis. 
(Found: C, 62.73; H, 10.10. Calc. for CIOH,.02N: C, 64.83; 
H, 10.34%); mass spectrum m/e (relative intensity) 185 

*When 29a was r earranged in satd (CD,),COK in 
(CD,),COH the reaction mixture showed the Me signal of 
the nitrile mixture as a doublet with J = 7 Hz, the t-Bu 
signal being absent. 

(29, M+). 129 (43), 128 (20). 112 (16). 100 (43), 82 (4), 73 
(24). 72 (%), 57 (100). 56 (84), 55 (1 I), 54 (ll), 44 (70), 43 
(l7), 41 (37), 40 (46), 39 (13); metastable peaks m*/e 90.1 
(185-3129). 88.8 (185+128), 77.4 (12p_*lOO); UV (EtOH) 
A, 229 nm (c 19,500); IR (neat) 3356 m and 3279 m (OH): 
2976s; 2882 m, sh; 1686 sh and 1656 vs (C==Cx=N); 
1490 s: 1385 w: 1361 m: 1245 m: 1193 s: 1134 m and 1070 s 
(t-B&I)-&,): lOi9m: 885 br, ‘m cm-‘; NMR 
(CDCI,) (at 60 and 90 MHZ) 6 9.13 (very br, hhw 20 Hz, 
1H. OH) which on shaking with D1O does not disappear at 
once but after longer time; the D,O also removes an im- 
purity multiplet centered at 6 6.70 to give the following 
spectrum: 6 I .I8 (t. lower-field peak of triplet overlapped 
by 1-B” singlet, I;,,,= 7 Hz, Me; each of the 2 exposed 
peaks of the triplet possesses doublet fine structure with 
ca. I Hz spacings); 1.28(s, t-Bu)(Me+t-Bu: 12 H); 2.28(9, 
I MKHI=7 Hz, 2 H. MeCH,, each of the 4 peaks of the quar- 
tet is split into doublets with co 1.5 Hz spacings); 4.18 (dd, 
Jc,,,.,,=4 Hz, ICI,,,,, =I.5 Hz, 2H, CHZO); 4.72 (dt, 
Jo,.H.=4Hz. Jb=9Hz, IH, H.); 6.88 (dt, J,=9Hz, 
J CHrH,, = 1.5 Hz, lH, H& double irradiation at CH,O 
caused collapse of H. and of H,, to sharp doublets, I.,,= 
9 Hz; double irradiation at H. caused collapse of CH20 to 
a doublet, JcHrHs= 1.5 Hz and of H, to a broad singlet 
(hhw 4Hz); double irradiation at Hb caused collapse of 
CH20 to a doublet, JCHI_H.=4H~ and of H. to a triplet, 
J CHrH. = 4 Hz; shaking with HZ0 recovered the OH peak 
as well as the impurity multiplet at 6 6.70. 

Fraction B was rechromatographed on Florisil and 
eluted with hexane-ether (2:3) to yield several fractions 
of the trans-oxime 4Sb as colorless crystals, homogeneous 
by TLC and VPC (same R,s and retention times respec- 
tively) but of different m.p. (e.g. 28-35“. 34-37, 3638”. 
37-53”). The fractions of m.p. 37-53” were combined and 
had the following spectral properties: mass spectrum m/e 
(rel int) 185 (5, M’), 129 (12), 128 (5), 112 (8), 100 (IO). 73 
(6). 72 (32), 59 (32), 57 (100). 56 (58). 55 (21), 54 (26), 44 
(42). 43 (53), 41 (58). 39 (26); metastable peaks m */e 90.1 
(185-129). 88.8 (185+128), 77.4 (12~100); UV (EtOH) 
A_, 233 nm (c 19,000); IR (KBr) 3426 m and 3247 m (OH); 
3021 sh: 2941 m: 2890sh: 1689sh and 1656 vs 
(C=Ck=N); 1529 m; 1381.~; 1353 w; 1235 m; 1190 m; 
I124 w and 1045 m (t-Bu-0-CH?); 1015 w; 964 s (trans 
CH=CH); 878 m cm-‘; NMR (CDCI,) (at 60 and 90 MHz) 
8 8.56 and 8.73 (2 broad peaks, hhw 5 Hz each, 1H. OH) 
which on shaking with DzO do not not disappear at once 
but after longer time; the D,O also causes a quartet cen- 
tered at 8 7.00 to collapse to a doublet to give the follow- 
ing spectrum 8 I.13 (1, lower-field peak of triplet overlap- 
ped by t-Bu singlet, JurH,=7.5 Hz, Me; each of the 2 
exposed peaks of the triplet possesses doublet fine struc- 
ture with ca 1 Hz spacings); I.20 (s, 1-B”) (Me + 
1-B” : 12H); 2.28 (q, I,,,, = 7.5 Hz, 2H. MeCH?, each of 
the 4 peaks of the quartet is split into doublets with cu 
1.5 Hz spacings); 392 (dd&+. = 7 Hz, Jc,,,,, = 0.75 Hz, 
2H. CH,O): 5.32 (first order auintet. I,,_,.=7 Hz. I,= . 
14 Hz, 1H. H.); 7.00 (d, br, I,= 14 Hz, l?f; phi,); double-ir- 
radiation at CH,Me caused collapse of the Me triplet to a 
singlet; double irradiation at CH,O caused collapse of H. 
and H, to doublets, J,=14Hz; double irradiation at H. 
caused collapse of CH,O and of H, to broad singlets; 
double irradiation at Hb caused collapse. of CH20 to a 
doublet, JCHrH. = 7 Hz and of H. to a triplet, I,,,.,, = 
7 Hz; shaking with HI0 recovered the OH peaks as well 
as the quartet centered at 6 7.00. 

Cyanoaldehyde 46 (a) trans-Nitrile 446 (097 g). 
dioxane (10 ml) and 2N H,SO. (2 ml) were heated at bath 
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temperature 110’ for 20 min. After work-up the solvent 
was evaporated to give aldehyde 46 (276mg) as a light 
yellow liquid. For spectral and elemental analysis 
samples were purified by preparative VPC to give 46 as a 
colorless liquid, b.p. 205-208” (determined by micro- 
method of Garcia”); IR (neat) 2801 w and 2710 w (CHO); 
2238 w (0; 1712 vs (CO) cm-‘; NMR (CDCI,) 6 1.37 (d, 
J Hd~ =7 Hz, 3H, Me); 1.75-2.15 (m, 2H, CHCH,); 
2-43-O (m, 3H, CH and CH,CHO); 9.88 (s, IH, CHO). 
(Found: C, 64.65; H, 7.95; N, 12.35; mass spectrum: 
molecular peak absent: m/e M-C0:83. Calc. for 
C.H.ON: C. 64.84: H. 8.16: N. 12.60%). 

<b) From.cis-nitnIe’44a. Hydrolysis bf 44a under the 
conditions of (a) afforded 46, identical in every respect 
with that obtained from 44b. 

CCyano-n-valeraldehyde dimethyl acetal (47). 
Cyanoaldehyde 46 (0.1 g). MeOH (2 ml) and 2N H,SO, 
(10 drops) were stirred 1 hr at room *temp. After 
work-up the solvent was evaporated to yield an oil (0.09 g) 
consisting of 46 and 47 (3 : 7) (by analytical VPC). The 
acetal 47 was obtained from this mixture by preparative 
VPC as a colorless liquid: IR (neat) 2232 w (CN); I 124 s 
and 1066s (C-O-C): NMR (CDCI,) 6 1.33 (d, I,,,,,= 
7 Hz, 3H, Me); 1*5~1*90 (m, 4H, CH,CH& 24-2.9 (m, 
lH,MeCH);3.37 (s, 6H, OMe); 4.4311, JCH2CH(OU.,, = 5 Hz: 
lH, CH(OMe),l. [Found: C, 6098; H, 9.50; N, 8.79; mass 
spectrum m/e 157 (M’), 156 (M’-I), 126 (M’-MeO). Calc. 
for C.H,,O>N: C, 61.12; H, 9.62; N, 8.91%]. 

Hydrolysis of 44b with 2N H$O. in MeOH also fur- 
nished the above mixture of 46 and 47 (3:7). 

a-Methylglutaric acid (49). To a stirred mixture of 46 
(O-26 g) and 4N H,SO. (2.5 ml) KMnO. (0.26 g) was added 
at room temp during 5 min and stirring was continued for 
another 10min. The mixture was then decolorized with 
NaHSO, (0.3 g). It was then extracted with CHCI, and the 
extract washed with satd NaCl aq and dried (MgSO.). The 
solvent was evaporated to yield crude Ccyano-n-oaleric 
acid (48) as a yellow oil. It was taken up in 20% NaOH 
(2 ml) and after washing with ether and CHCI,, the aque- 
ous layer was diluted with H,O (15 ml) and refluxed 2 hr. 
The c&led soln was washed-ag&n wiih ether and CHCI, 
and then acidified with 8N HSO,. The acid soln was ex- 
tracted with CHCI, and ether and combined organic ex- 
tracts washed with satd NaCl aq and dried (MgSO,). 
Evaporation of the solvent furnished the crude diacid 49 
as colorless crystals (62 mg), m.p. 70-73”. Recrystalliza- 
tion from ether-pentane gave the diacid (51 mg) as color- 
less crystals, m.p. 76-78°m(lit.m m.p. 77-78”; 790); IR (KBr) 
2639w, br (OH); 1690~s (CO); 1215 s (C-O); NMR 
(CDCI,) 6 1 a23 (d, JMeH= 6.5 Hz, 3H. Me); 1.7-2.2 (m, 2H, 
CHC&CH,); 2*25-2+X (m, 3H. CH and C&CO,H); 
11.21 (s. 1H. COIH). 

Isottkization of& with t-BuOK in diglyme. Satd t- 
BuOK in t-BuOH (3 ml) was evaporated to dryness in 
uacuo and dried at 160”. It was suspended in dry diglyme 
(5 ml) and the suspension filtered through a sintered glass 
funnel under NI. The filtrate was added dropwise to a 
stirred soln of 29a (0.27 g) in diglyme (7.5 ml) which was 
cooled to bath temp 5”. The mixture became dark brown 
and was further stirred at 5” for 7 min and then at room 
temp for 23 min. Water was added and the mixture was 
extracted with ether, the ether extracts washed with satd 
NaCl aq and dried (MgSO.) to furnish on evaporation a 
viscous brown oil which by analytical VPC was a mixture 
of 29s and nitriles 44a and44b (fa 4: 1: 15) but the oximes 
were absent. The total yield of the two nitriles was ca 
12%. 
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