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14 15 

I OH 
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5.5 (d, J = 16 Hz), and 6.2 (br d, J = 16 Hz, HC=CH).6 
The crude aldol was reduced in benzene with 1.2 equiv of 
sodium bis-2-methoxyethoxyaluminum hydride (2 h, 
-1.5'). Acidification to p H  2 with 1:7 sulfuric acid-ice 
water was followed by workup and purification by passing 
through silica gel (elution with methylene chloride). The 
vinylogous aldol 14 (40% from 11) had Rf 0.15 on silica gel, 

O=CCH3), 2.5 (br d, J = 7 Hz, HOCCH2C=C), and 
6.0-7.2 (m, -HC=CHC(=O)CH3). The vinylogous al- 
dols 15 and 16 from 6-methyl-Sheptene-2-one and hexanal, 
respectively, were prepared similarly in -50% overall 
yields. Dehydration of the vinylogous aldols to conjugated 
dienones is easily achieved, as we illustrate for the prepara- 
tion of the Cl8 ketone 17: methanesulfonyl chloride7 (2 
equiv in tetrahydrofuran) was added slowly to the vinylo- 
gous aldol 14 (0.5 M in tetrahydrofuran containing 7 equiv 
of triethylamine a t  OO). Workup after 1 h (extraction with 
petroleum ether, filtration through silica gel) then gave the 
known 17 in 74% ~ i e l d . ~ . ~  The known dienone 181° (pseu- 
doionone) was prepared similarly from 15. 

X 2.91, 5.98 p.; N M R  6 1.4 (s, HOCCH3),  2.3 (s, 

17 18 

Although the overall yields of vinylogous aldols are only 
moderate (40-50%), the simplicity of the sequence and its 
compatibility with the existence of sensitive functionality 
(e.g., polyenes) should make it generally useful." It is also 
worth emphasizing that  the present method is of some im- 
portance in the construction of polyenones in general. There 
a re  a t  least two excellent methods12 for the construction of 
conjugated dienones. They are, however, not suitable for 
the construction of more highly conjugated systems, such as  
17, because in such a situation the intermediates would un- 

OH 

dergo chain extension by rearrangement toward the double 
rather than the triple bond. 
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Synthesis of Trichloroacetamido-l,3-dienes. 
Useful Aminobutadiene Equivalents for the 
Diels-Alder Reaction 

Sir: 
Nitrogen substituted 1,3-dienes have received little 

study.Is2 The most common examples are  the sensitive 
N,N-disubstituted dieneamines, which are  available by con- 
densation of an unsaturated carbonyl compound with a sec- 
ondary amine.2$3 Acyclic dieneamides such as 1 and 2 are  

0 

NHCR' 
II 

I 0 
II 

R,R.&=CR,CR,=CRjNHCR' R,&C=CR4C=CR,R, 
1 2 

virtually unexplored.* For example, in the parent butadiene 
system only a single report exists of the synthesis of the 2- 
acetamido- and 2-benzamido  derivative^,^ while the corre- 
sponding 1-isomers are apparently ~ n k n o w n . ~  In this com- 
munication we report that thermolysis of propargylic tri- 
chloroacetimidates affords a general, one-step route to a va- 
riety of trichloroacetamido-substituted 1,3-dienes (1 and 2, 
R'=CC13, R4=H). The thermal rearrangement of propar- 
gylic imidates has not to our knowledge been previously re- 
ported.'O Since the trichloroacetyl group can be removed by 
treatment with dilute base," dienes such as  1 and 2 
(R'=CC13) hold particular synthetic interest as  amino- 
1,3-diene equivalents for the Diels- Alder reaction. Few ni- 
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Table I. Synthesis of Trichloroacetamido 1,3-Dienes by Thermolysis of Propargylic Trichloroacetimidatesa 

Pyrolysis 
conditionsc Isolated 

Alkynyl trichloroacetimidate Trichloroacetamido-l,3-dieneb MP, "C C'c, h)  yield, % 

O(C=NH)CCl, 
I 

C H , C H C W H  138", 12 38 

180", 0.5 14 (28)d 

138", 8 80 

88-88.5 

NHCOCCI, 
CH,C=CCH,O(C=NH)CCl, 

O(C=NH)CCl, 
n C , H , C H W H  

27-30 

34-47 
(isomer mixture) 

3 38-40 
4 an oil 180", 2 78 nC,H,,C==CCH,O(C=NH)CCl, 

O(C=NH)CCl, 
I 

(CH,),CCH,CHC=CC(CH,), 
5 

O(C=NH)CCl, 

C,H,CH,&-C(CH,), 
O(C=NH)CCl, 

I 
C,H,C=.LCHC,H, 

142.5-143 138", 4 85 

6 

KHCOCCI,' 
121-122 138", 9 66 

NHCOCCI, 
I 

C,H,C=CHCH=CHCH, 129-130 1 lo", 12 45 
(major isomer) 

a No attempt has been made to optimize yields. b These compounds showed ir and NMR spectra consistent with the indicated structures 
and correct combustion analysis (?0.4%) or exact mass measurements by high resolution mass spectrometry. C Solvents: toluene (1 lo"), 
xylenes (1 35-140"), o-dichlorobenzene (180"). d Percent conversion, corrected for recovered starting material. e A combustion analysis was 
not obtained for this compound since it was moderately air sensitive. It is stable when stored under nitrogen at 0". fPresumed stereochemistry 
in analogy with 6 .  

trogen substituted dienes, with the exception of N,N-disub- 
stituted 1-amino-1 ,3-butadienes,12 have found use in the 
Diels-Alder and no useful synthetic 
equivalents for amino- 1,3-dienes currently exist.14 A pre- 
liminary account of the Diels-Alder reaction of three repre- 
sentative trichloroacetamido- 1,3-dienes is reported. 

Propargylic alcohols are  converted in high yields into the 
corresponding trichloroacetimidic esters by condensation 
with trichloroacetonitrile a t  O 0 . l 6  Solution thermolysis of 
these esters results in 1,3-transposition of the oxygen and 
nitrogen atoms of the imidate moiety to afford, often in syn- 
thetically useful yields, 1,3-dieneamides (Table I ) .  The par- 
ent 1,3-butadienes are formed in somewhat lower yields, 
and this is attributed to their further reaction under the 
thermolysis conditions.I8 Only a single isomer of l-trichlo- 
roacetamido- 1,3-butadiene was obtained. I t  is assigned the 
(E)-configuration on the basis of its 300-MHz 'H N M R  
spectrum which showed no 1,4-trans-trans coupling for the 
trans C-4 vinylic h y d r ~ g e n . ~ ~ . ~ ~  The stereochemical assign- 
ments for 3 and 4 also follow from the 'H N M R  spectra 
(300 M H z )  which showed a larger downfield shift22 (6 6.09 
vs. 5.60) for the C-4 vinylic hydrogen of 4, and a long-range 
coupling of 1.7 Hz, attributed to 1,4-trans-trans c o ~ p l i n g , ' ~  
for the trans C-1 vinylic hydrogen of this isomer. Thermoly- 
sis of imidate 5 afforded in 92% yield a mixture of dienes of 
which the E ,  Z-isomer, 6, was the major (-90%) compo- 
nent. The stereochemical assignment for 6 follows from 'H 
N M R  paramagnetic shift experiments (Eu(dpm)3) which 
gave the largest induced shift for the central vinylic hydro- 
gen, and resolved the vinylic coupling constants ( J  = 14.3 
and 10.3 Hz). 

A mechanistic rationale for the reactions described is il- 
lustrated in eq l .  The  facile tautomerization of nitrogen 
substituted allene intermediates in thermal rearrangements 
is p r e ~ e d e n t e d . ~ ~  

NH 

0CCCls 
I 
I1 0 

,NHCCC13 U 
I A / 

R,CH&HC&CH& - RICH,CH=C=C, = 
0 

,NHCCCl3 
II 

/NCCCh 
R,CH,CH=CHC, -+ R,CH=CHCH=C, 

'CHzR, CH,R, 
and/or 

0 
NHCCC13 U 

R,CH&H=CHC=CHR, I (1) 

Diels-Alder reactions of three representative trichloroa- 
cetamido-1,3-dienes a re  illustrated in eq 2-4. As is appar- 
ent in eq 2 and 3 the 1-substituted isomers react quite 
~ l u g g i s h l y . ~ * ~ ~  The reaction of trans- l-trichloroacetamido- 
1,3-butadiene with acrolein was, however, highly regiospe- 
cific and afforded 724 as a 3:l mixture of cis and trans ste- 
reoisomers.2s Dieneamide 8 must be a t  least 60% a single 
isomer (presumably E , E )  since only one maleic anhydride 
adduct, 9, mp 168.5-169.5 O C ,  was isolated. Diene 3, with 
2-trichloroacetamido substitution, is much more reactive 
and readily undergoes cycloaddition in refluxing benzene 
with maleic anhydride, N-phenylmaleimide (eq 4), and 
acrolein (eq 4). Addition of 3 to acrolein was also highly re- 
giospecific and afforded as the major product adduct 
as a 4:l mixture of cis and trans stereoisomers.2s 

We are  continuing to  explore the thermal and catalyzed 

Communications to the Editor 



2354 

-NHcOcc1, 

W O  

D 
746% 

140,' lh I 0 i- C2H&H=CHCH=CHNHCOCC13 - c 0 
NHCCCCI, 8 

955% 
,NHCOCCl, 

n 3 
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(2) 

(3) 

87% 10 10% 

Diels-Alder reactions of trichloroacetamido- 1,3-dienes as  
well as attempting to prepare, by similar routes, more reac- 
tive Diels-Alder 1,3-dieneamides. 
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Association of Isocyanide Complexes of Rhodium(1) 
and Rhodium(II1) in Solution 

Sir: 

We have found that rhodium complexes of the type 
(RNC)4Rh+ and trans-(RNC)4RhX2+ ( R  = alkyl; X = 
halide) undergo appreciable association in solution. Pre- 
viously, three other types of interaction between d8 and d6 
complexes have been recognized. (1) A number of Pt(I1) 
and Pt(1V) complexes associate in the solid state to form 
columns constructed of alternating quasi-planar Pt(I1) and 
six-coordinate Pt(1V) centers.] In these columns halide li- 
gands a re  located between platinum atoms in the column 
and no direct metal-metal bonding is present. (2) A differ- 
ent arrangement occurs in Krogmann's salt, 
K ~ P ~ ( C N ) ~ C I O . ~ ~ ( H ~ O ' ) ~ . ~ .  In this case, reaction of 
Pt(CN)42- with Pt(CN)4CIz2- produces a solid which con- 
sists of stacks of Pt(CN)4 units with direct platinum-plati- 
num bonds.2 (3) In solution the Pt(I1)-catalyzed substitu- 
tion reactions of Pt(IV) complexes are  conventionally inter- 
preted as  involving a transient, ligand-bridged Pt(I1)- 
Pt(IV)  specie^.^ 

Electronic spectra, infrared spectra, and synthetic studies 
demonstrate the occurrence of the equilibrium shown in (1) .  
Solutions containing both (C6Hl lNC)4Rh+ and trans- 
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