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A&w&-On trearmcnr uith diphcn)ldlchloromcrhane or animal chloride in the prcwxc of acetone and aqueous 

sodium hydronldc. pyrrdinc undergoes condensabon and ring ckacagc IO yield rhc cnamine Schifl bases 1.1. 
drphenyl~!-aradeca.l.~2.~7..7E-rc~nrn-9-onc (I) and I~(4-merhoryphcnyl~~~~a~de~a~l~.~~.~Z.?~~~e~~cn~9~onc 
(7). The rcactwn proceeds through attack of accton)l carbanion on rhc mrlially formed his.pyrdmrum tall. 
folloucd h) ring wsslon with cltmmatwn of one equivalent of pyridinc. 7%~ srructurc and srcrcochemrsrry of the 
!-azarcrracnc I I) u-a5 confirmed h) X-ray crystallography 

The condensation of o-dihydroxyphcnols with 
diphenyldichloromethane in the presence of pyridinc and 
acetone. followed by treatment with aqueous sodium 
hydroxide. was first reported by Bradley et 01.’ as a 

method for synthesis of diphenylmethyl ether deriva- 
tives. However. attempted monodiphcnylmethylenation 
of cllagic acid by this technique gave rise IO a yellow 
crystalline compcjund. m.p. 124-5”. which had nonr of 
rhe properties expcctcd of the desired product. neither 
reducing ammoniacal silver nitrate nor giving any color 
with alcoholic ferric chloride solution. Since the m.p. and 
spectroscopic properties differed from those of ellagic 
acid his-diphcnylmethyl ether’ the latter structure was 
eliminated. Repetition of the reaction in the absence of 
ellagic acid gabc the same crystalline product. indicating 
that it must bc formed by condensation of the orhcr 
reactants.+ 

The mass spectrum showed the molecular ion at rnle 
301, which together with the elemental analysis es- 
tablished the molecular formula as C:,HIPNO. The 

product is therefore formally derived from equimolar 
quantities of diphenyldichloromethane. pyridine and 
acetone. Prominent ions at m/e 258 [M-CHL’O]‘. ?!4 

[M-C,H.]‘. 167 ]fC,H.)..CH]’ and I65 [Auorcnyl] ’ were 
also observed in the mass spectrum. 

The IR spectrum indicated rhc presence of an a./3- 
unsaluralcd ketone group (I690 and 1675 cm ‘) and both 
cis- (705 and 695 cm ) and ~rcrns- (%5 cm ) double 
bonds m the molcculc but no -NH absorption was ob- 
served. The UV spectrum exhibited intense absorption at 
37!nm. indicative of a polyenonc structure. while 
acidification induced a pronounced bathochromic shift IO 
424 nm. characteristic of a conjugated aromcthine.’ 

The IO0 MHI NMR spectrum was also consistent with 
a highly conjugated molecule. showing a single acctyl 
group signal at 62.38 and a complex pattern due IO 
sixteen protons. hclween 66.1 and 7.X. which was not 
interprctablc u priori. However. upon addition of a 
0.44 mole ratio of Pr(fod), shift reagent. six protons of 
this multiplet were displaced IO higher field giving a 
first-order spectrum which could he interpreted as a 
rricnc fragment terminated a~ one end by the acctyl group 

_.--- 
f Hrdlc~ n ol.’ reported ~hc formauon of conriderahk quantities 

of an uncharacterwed oily hy-producr on rcactwn of diphen)I- 
dtchloromcthane wrth methyl gallarc .lhts material IS probabl) 
ldenrrcal IO the ~ryrtallme producr nou rsola~ed and charac- 
terized 

and at the other by an azomethine function. Based on the 
reasonable assumption that the shift reagent should be 
coordinated with the CO group,’ each proton of the 
tricne system was identified by the decreasing magnitude 
of the upfield shift with increasing distance from the 
acctyl moiety and the coupling constants thus assigned 
for each proton. Ry the use of these values the complex 
pattern of the unshifted spectrum was interpretable and 
the remaining ten protons were assigned IO the Iwo 

phcnyl groups which could be attached only IO the 
azomcthme group. The compound must therefore be the 
cnamme SchitI base I, the magnitude of the coupling 
constants (Table I) indicating cis. cis. frons slereo- 
chemislry as shown. ‘Ihe “C NMR spectrum was in 
accord with the above structure. particularly significant 
signals occurring at 27.7 (-CH,). 121.4 (C,). 130.8 (C,). 
167.6 (C-S-) and IW.1 (C=O)ppm. The remaining “C 
signals are tenrativcly assigned as in Table I.’ 

3 

Chemical evidence in favor of the enamine Schiff base 
structure I was obtained by catalytic hydrogenation over 
10% Pd-C IO give an octahydro derivative 2 as a color- 
less oil. which exhibited a one proton singlet at 64.80 in 

the NMR spectrum, assignable IO the (C,H,),CH-N 
/ 

\ 
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proton. Only the phenyl ring proton resonances occurred 
at lower field than this methinc proton, the remaining 
signals appearing as double doublets at 62.40 and 2.57 

(-CH> groups adjacent to -NH and ‘C=O), a singlet at 

S2.08 (CUCH,) and as an eight-proto; multipkt a~ 61.2- 
1.7. 

‘Treatment of the reaction product 1 with anisaldehyde. 
in the presence of aqueous sodium hydroxide, gave an 
orange crystalline product, m.p. 122-123”. having A_, 
405 nm. indicative of increaxd conjugation due IO for- 
mation of a p-methoxycinnamyl moiety. ‘lhe NMR 
spectrum of this compound established its structure as 
the anisal derivative 3. However, reaction of the enamine 
Schiff base 1 with hydroxylamine hydrochloride did not 
give the expected product but rather a quantitative yield 
of benzophenonc oximc. This must arise by acid-ca- 
talyzed cleavage of the Schiff base linkage followed by 
oximation of the benrophenone thus formed. or by direct 
transamination. 

The reaction mechanism involved in the condensation In order for an enamine Schiff base to be formed by 
of diphenyldichloromcthanc. pyridine and acetone is not such a route the initial reaction product (e.g. 4) must bc a 
readily apparent, although the S and C (3) IO C (7) atoms bispyridinium salt which can only be produced from a 
of the product I must be generated through cleavage of dihalide. Since diphenylmethyl-his-(pyridinium chloride) 
the pyridine ring. However, in the only previous report 4 could not bc isolated in crystalline form. the conden- 
of the isolation of a conjugated cnamine Schiff base. sation of p-anisal-bis-(pyridinium chloride)’ 6 with 
Olofson and Zimmerman’ postulated OH ion attack on a acetone in the presence of base was carried out in order 
bisiminium cation to give the labile azatrienal C,H,CH=N IO investigate the mechanism and generality of the reac- 
(CH=CHhCHO. By analogy, formation of the con- tion. 
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siderably more stable azatetracnone 1 could occur by 
reaction of diphenyldichknomethane with two 
equivalents of pyridine to give the bispyridinium salt 4. 
Attack at the 2position of one of the pyridinium rings by 
the carbanion generated from acetone in the presence of 
base would then give the intermediate monopyridinium 
salt 5. Subsequent abstraction of a proton from the 
acetonyl substituent. accompanied by cleavage of the 
dihydropyridine ring and expulsion of the remaining 
pyridinium ion as a neutral species” would produce the 
enamine Schiff base 1. The cis. cis. fruns stereo- 
chemistry of the product is consistent with the postulated 
reaction mechanism. formation of the fmns a$Idouble 
bond proceeding through a less hindered planar tran- 
sition state than for a cis a./3double bond.” An al- 
ternative but kss likely mechanism, in view of the good 
yield of awtetraene and the possibility of competitive 
Michael additions, might be cleavage to form an aza- 
trienal which could then undergo aldol condensation with 
acetone. 
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Formation of enamine Schiff bases by ring cleavage of pyridmx 

A suspension of the bispyridinium salt 6 in acetone 
gave upon treatment with aqueous sodium hydroxide 
solution a yellow-orange. crystalline product. m.p. IO& 
I lo”. Analytical. chemical and spectral data established 
the structure of this compound as the p-an&l-2-ala- 
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In a reaction analogous IO that observed with enaminc 
Schiff base 1. treatment of the p-anisal compound 7 with 
hydroxylamine hydrochloride yielded /?-anisaldoximc. 
On catalytic hydrogenation 7 gave an octahydroderiva- 
live as a colorless oil. 

Ictrdene 7. analogous IO the diphenylmethyl-2-aza- 
Ictraene 1. Thus, the compound analyzed for ClrH&O: 
and showed prominent peaks in its mass spectrum m/e 
255 [Ml’. 212 [M-COCH,]’ and 121 [MeOCIH,CH:l’. 
The IR spectrum exhibited absorption due IO an a.fi- 

unsaturated ketone group (I690 and 1673 cm ‘) and the 
UV spectrum showed intense absorption at 375 nm. The 
cis. cis. IMPS stereochemistry of the triene fragment of 
the azatetraene 7 was established from the coupling 
constants (Table I) in the SMR spectrum, which was 
directly interpretable without recourse IO the use of the 
shift reagent necessary IO elucidate the structure of the 
corresponding diphcnyl compound I. The azomcthinc 
proton gives rise IO a singlet at 6X.32”‘-” and the 
molecule presumably possesses the highly favored” ” 
E-configuration about the C=K double bond as shown In 
slructurc 7. 

+Detailcd X.ray data will be published elsewhere 

In view of the unique nature of the enamine Schiff 
bases resulting from the pyridine ring cleavage reaction, 
the diphenyl compound I was subjected IO X-ray 
crystallographic analysis.? The structure was thereby 
established as I ,I-diphenyl-?-a-radeca- I. 3%. 5%. 7E-IC- 
Iraen-9one and the conformation of the molecule, 
thermal motion of Ihc atoms and numbering system are 
illustrated in the ORTEP” drawing (Fig. I). 

The double bonds in the conjugated chain of the 
molecule have a Z, Z. E configuration while both ben- 
Lene rings are essentially planar within experimental 
error, the maximum deviation tf the rings from their 
least-squares planes being 0.01 A. The molecule is ap- 
preciably twisted. resulting in a dihedral angle between 
the benzene rings of 77.9”. The observed orientation 
appears IO provide minimum intramolecular steric hin- 
drance between the H atoms attached IO C( 12) and C(22) 
of the adjacent rings. 

The atoms in the conjugated chain exhibit greater 
thermal motion with increasing distance from the ben- 
zene rings. This effect is particularly noticeable for the C 
atoms. as illustrated in Fig. I by the larger size of the 
thermal ellipsoids for C(9) and CI IO) compared IO C(I). 
‘The greater thermal motion of C( IO) is presumably also 
due IO Ye torsion. One of the benrenc rings in the 
molecule [CC II) to C(l6)] appears IO exhibit greater 
waggling motion than the other. a phenomenon for which 
there is no obvious explanation. 

The average bond lengths and angles of the IWO ben- 
zene rings are in good agreement with the expected 
values of 1.39A and 120”. The bond lengths in the 

Fig I. 0RTF.P drawing of 1.1.Rpbenyl-!-a~aa-l.3%.~%.7E~rcrraen-Y~nc (1) showing conformation and thermal 

motion of Ihe atoms 
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cthylenic chain show that the single bonds are slightly 
shorter (1.465 A) and the double bonds slightly longer 
(I.353 A) than would bc expected for a non-resonating 
sp’ - sp’ system” for which rhcse values should be 1.479 
and 1.338 A respectively. 

Although a number of synthetic routes of 2 - ua - 
butadienes have been developed.” with the exception 
of the labile I - phenyl - ! az;L - 1.3.5 - tricn - 6 - al 
prepared by Olofson et (I/.‘.~ additional 2-azapolyenes. 
such as the 2-azatctraenes (1 and 7) have not been 
reported. These novel lypes of cnamine Schiff bases are 
quite stable a~ room temperature and therefore could 
prove useful as model compounds for studying the reac- 
tions of related compounds postulated as intermediates 
in a number of biochemical mechanisms.” In addition, 
the dual enamineAarbonyl functionality at opposite 
ends of the polyene system suggests that the ?- 
arapolyenones may be useful as synthetic intermediates 
for preparation of complex polyenes such as insect 
pheromones. particularly since cis double bonds are 
often difficult to prepare selectively. Expansion of the 

range of 2-arapolycne products by use of a variety of 
bis-pyridinium salts and nucleophiics should greatly cn- 
hancc the utility of this reaction. 

51 ps are unconccIed. ‘H NMR specIra were dcIermincd on a 
modified Varian HA-100 and “C NMR spcc~ra on a Jeolco PFT- 
IM insIrumcnI. Mass spcc~ra were obIaincd wiIh a CEC 110 
doublefocusing mass spcctromcrcr ar 70cV. IR spccfra were 
measured on a Perkm Elmer 237 R graIinp spccIrophoIomeIer 
and UV spccira on a Gary IS spccIrophnIomeIcr. 

I.l~l)iphm~l-2-o:aAt~~a-l.3Z.SZ.7F-terraen~9~onc Ill. 
I)lphcnyldichloromeIhanc (2.68) in dry acelnnc (SO ml) was ad. 
dcd IO pyridine IX.7 gl In dry acelone (SO ml) and the soln kepI aI 
room Icmp ovcrmghf with exclusion of moisrurc. A soln of 
NaOH (4.4 gl In H,O (SO ml) was added slowly and Ihe resulting 
deep red snln sIincd for 2 hr. Ihcn poured info H,O (I000 ml). 
‘The red.hrown ppt which slowly s.eparaIcd was filtered off 
uuhouI sucuon. aa\hcd thoroughly wiIh Hz0 and air.dricd. 
RecrysIallilaIion from aq. acelone gave brIghI yellow needles. 
m.p I2CI!S’. (!.3g. 709Zr. IFound: C. 81.1: H. 6.26. Cak. for 
C:,H,,NO. 0 S H,O: I‘. 81.3; H. 6.454. Found: m’ m/r 3Ol.l4S&l 
Calc. for C,,H,,<O: m’ m/r .301.1466). MS: mass @cl. ab J: 301 
l!S Sj. !SX 123.7). IX0 I.u.6). I67 (62.5). l6S (100). 104 (17.3). 77 
1694). 43 (41 I). NMR spectra, I’H and “Cl: KC Tahk I. UV’ 
sncctrum A?!” nm Ilontl. 228 I4.01). -276 (3.78). 372 (4.S8l. 
*-tmu NC *, “-- 

l nm (log ej. 53 (4 35). 424 (4.40). IR spectrum (Ccl,): 
16%. l67C. lC9C. IX. 965. 705. 69S cm-’ 

I.I~Diphm~/~2~a:udrraIn-9-onr (2). The aralelraenc (I; OS gj 
In THF (100 ml) was shaken wiIh H? over IOSf Pd-C at 4S PSI for 
? hr. ‘The caIalys~ was fillered off and Ihe solvcnl evaporaIed 
under vacuum IO give a colorless od (Found: m* m/r 369.2092 
Calc. for C,,H.,SO: m* m/r m.20931 MS: mass Irel. ah.): 309 
I? II,. ?S! C2:9,.-232 (16.41. I68 (Id.31 I67 (IOOl. l6S II7 0 IS! (X.11. 
43 (3@4l NMR speclrum (CDCI,): 8H. m. 61 161.70: 3H. s. 
A? II. :H. dd. J -, 8 Hr. d2.40: 2H. dd. J = 6. 6.S Hz. S!.S7; 
IH. I. 64.81: IOH. m. 67.12-7.46. IR spccbum IC(‘I,l: 36SO. 2940. 
28?S, 172.5. 14%. 14?S, 1363. 1160. 1060. 70s cm I.- 

I.1 . f>phm4 . II (4 mtfhoxyphmyll . 2 a.-oundtca . 
1.3.S.7.10 ptnlarn 9 one (3). A toln of I (I Ogl and 
anisaldrhydc II Og) m EIOH (40 mll was Ireared with SQ NaOH 
aq I40 ml) and the mirfure sbrcd aI rwm Icmp. for 4 hr. The 
soln uar poured mm H&I (So0 ml). ~hc orange pp~ filtered off. 
washed uuh H:O and rccrysIallircd from CH<‘I,-M&H. m p. 
122-123’. (I.1 g. XX?) IFound: C. 81.1: H. S.94. Cak. for 
C,H,,NI+. 0.5 H,O. r’. 81 3; H. 6 24%) MS: mass (rel. ah.): 419 
(4.5.41. 2SII (!3.?l. 238 G?O.?l. I81 (20 6). I80 (47.21. I67 (1001. l6.c 
I’S!). I61 (6301. IO4 124.2). 77 (41,s) NMR spccrrum fCD(‘I,j 
3H. s. 63.82. lH. dd. J = II. II Hz. 66.31: IH. dd. J-8. II Hz. 
66 51. IH. d. J = IS HI. 66.!7; IH. d. J - 6 Hx. 66.79, IH. d. 
J - IoH?. 66.84 ?H. d. J = 9Hc. 66.9OHz: I2 H. m. 67.1-7.9: 

2H. d. J 7 9Hz. 67 I?: IH. d. J = l6Hz. 666s. UV spcclrum: 
At&‘” nm flog 0. 248 (4.101. 4OS (4.491. 

~tacrion o/ I Grh hydroxylamine hydrorhlortdr. Compound 1 
(O.Ug) in EIOH (IOmIl was IrcaIcd wilb hydroxylamine 
hydrochloride (0.5 gl and SaOAc (0.5 8) in H,O (IO ml). The 
bright yellow soln was warmed on a sIcam-bath for I hr and ~hc 
rcsulIanI colorless soln poured inIo H+l flOOrnIl The while. 
crysIalline producI was fiRered off. washed wiIh HI0 and air 
dried. giving bcntophcnone oxime as white needles (0.1s #,94S?l. 
mp. and m.m.p. 14Llti. JR spccrrum identrcal wirh known 
sample. 

I . (4 . ,Werhoxvphcnyl) - 2 . a:adeco lE.3Z.SZ.7E . ~tlratn - 
9 . onr (7). p-A&l-his-Ipyridinium chloridclv (3.4gl in aceIoDc 
(2OOml) was Ireared wirh NaOH (4.4g) in H,O (SOml) added 
dropwirc and Ihe soln sIirred al mom temp. for I hr. The mixlure 
was poured inro H,O (1000mI). kcpr ar 0” ovemighr and rhe 
yellow product hlkrcd off wiIhouI sucrion and wasbcd wIIh HxO. 
RecrysIallixaIion from aq. acelone gave yellow plales. m.p. IO& 
ll(P (2.38.9255). (Found: m’ m/r 2SClU3. Calc. for C,,H,7NOI: 
m’ m/t !SS.l2S9) MS: mass (rel. ah.): 2SS (28.8). 212 (42.61. 134 
(14.X). 121 flO0). lo4 (21.61. 77 (36.0). SI (16.41. 43 (19.8). NMR 
specuum: KC Tahk I. UV spectrum: AZ:” nm Ilogtl. 243 
(3.81). -3OS (3.81). 375 (4.63). IR spccrrum fCCI,l. 16%. 1673. 
I6OS. ISdS. I2!0. 1166. %Scm I 

1-(4.MrIhox~phn~1)-2-oradrrcln-9.onr. The ar.aIcIraene Il.Ogl 
m THF (250 mll was shaken wiIh H? over lti Pd-C al SO ps~ for 
4 hr. The calalysI was fillered of7 and IJX solvenr evaporakd 
under vacuum IO give a colorless oil. (Found. m’ m/r 263 18%. 
Calc for C,,H,,SO:: m* m/t 263.188S). MS: mass Ircl. ab.1: 263 
(2.4). 2% 13.4). IS0 (7 Xl. I42 (3.31. I36 (5.0). 121 (IOOl. 78 (4.2). 43 
(16.6). NMR spccuum ICDCI,): 8H. m. 61.10 - 1.74: 3H. s. 62.12: 
2H. dd. J - 6. 65 H7. 62.41; 2H. dd. J = 6.S. 7 Hr. 62.61; ?H. s. 
63.72; 3H. s. 63.79: 2H. d. J = R Hr. 66.85; 2H. d. J = 8 H7.67.22. 

Ncarrion o/ 1 wirh hydmxylaminr hydmchlondc Compoumi 1 
(0.2s pl in EIOH I IO ml) on IreaImcnI with a soln of hydroxy. 
IamIne hydrochloride IO Sgl and SaOAc IO.Sgl in H?O ttoml) 
gave ~anisaldoximc (009~1. m p. and m.m.p. 132-133’. IR 

&c&m idcnIicaJ with known sampk. _ 

. 
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