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( c  1.35, CHC13), IR (CC14) 1749 crn-l. Exclusive endo al- 
kylation of ketone 8 was accomplished, as anticipated, in 90% 
yield with methyl iodide using lithium diisopropylamide in 
tetrahydrofuran (0 "C). That the alkylated product 9, [ a ] 2 5 D  
-474" ( c  1.40, CHC13), was indeed the product of exclusive 
endo alkylation was evident from examination of its N M R  
spectrum at 250 MHz which revealed the C(3) exo proton as 
a quartet of doublets located at 6 2.46 (J3,4 = 3.3, JH,cH:, = 
7.0 Hz). 

Baeyer-Villiger oxidation of 9 using basic hydrogen per- 
oxide in aqueous methanol-tetrahydrofuran gave rise to the 
sensitive hydroxy acid 10 which upon treatment with boron 
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trifluoride etherate in methylene chloride a t  0 O C  rearranged 
(85% overall) solely to intermediate 4, [ a ] 2 5 D  +153O (c 1.50, 
CHC13), with the expected transfer of chirality from C( 14) - 
C( 16) (steroid numbering). Reduction (i-Bu2AIH, toluene, 
-78 "C) of lactone 4, followed by condensation with iso- 
pentylidenetriphenylphosphorane (generated with sodium 
tert-amylate in benzene), provided in 50% overall yield dienol 
5 as a mixture of double-bond isomers about the C(22)-C(23) 
olefinic linkage. The required transfer of chirality from C( 16) - C( 14) was achieved classically by a two-step process. Allylic 
alcohol 5 was converted (ethyl vinyl ether, Hg(OAc)z, reflux) 
into its corresponding vinyl ether (82% yield) which upon 
heating in  decalin a t  200 OC ( 5  h) under nitrogen generated 
aldehyde 6 in 90% yield.' 

Addition of methyllithium to aldehyde 6,  followed by si- 
multaneous catalytic hydrogenation (H2, 10% Pd/C,  EtOH) 
of the two olefins and hydrogenolysis of the benzyl ether, gave 
diol 11 in 90% overall yield as a mixture of diastereomers. 

11 12 

Oxidation (Jones reagent, -10 OC, 5 min) of diol 11 afforded 
a 74% yield of keto aldehyde 12 (IR (CC14) 2690, 1720 cm-I; 
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N M R  (CC14) 6 2.01 (s, 3 H ,  CH3CO), 9.24 (s, 1 H ,  -CHO))  
which cyclized (10% KOH, C H 3 0 H )  in 74% yield to the 
known enone 3:s [a I2 'D +40.8O ( c  3.45, CHC13); IR (cc14) 
1678, 1601 cm-I; N M R  (CC14) 6 6.45 (AB q, 2 H ,  J = 10, 
AUAB = 93.5 Hz). Enone 3 was analyzed as its 2,4-dinitro- 
phenylhydrazone: mp 174-175 O C ,  [ a I z 5 D  +21.S0 (CHC13) 
(lit.8 mp 176-177 O C ,  [(Y]25D +21.9O (CHC13)). Reduction 
(Hz, 5% Pd/C, EtOH) of de-AB-cholest-11-en-9-one (3) gave 
in near-quantitative yield the known de-AB-cholestan-9-one 
(13) which was characterized as its semicarbazone: mp 

13 

190-193 OC, mmp 190-193 OC, [ a ] 2 5 ~  +52.0° (CHC13) (lit.8 
mp 193-195 O C ,  [ c Y ] 2 5 ~  +52O (CHC13)).9 
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a,P Dehydrogenation of Carboxamides 

Sir: 
Dehydrogenation of the readily available saturated fatty 

acids to the synthetically more useful a,@-unsaturated deriv- 
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atives can be directly effected by several reagents.' However, 
yields are often moderate and experimental conditions are not 
always compatible with the presence of sensitive functional 
groups. The sulfenylation' of enolates of esters, followed by 
oxidation to the corresponding sulfoxides and thermolysis, 
offers a wider synthetic applicability and should definitely 
supersede the more traditional approach involving a bromi- 
nation-dehydrobromination sequence. However, the method 
requires the formation of enolates of esters under strongly basic 
conditions, which precludes the presence of certain sensitive 
functional groups. The selenylation-deselenylation sequence3 
offers similar advantages, but suffers from the high toxicity 
and expense of selenylating reagents. 

W e  describe here an alternative "one-pot" experimental 
procedure that effects the a,P dehydrogenation of tertiary 
carboxamides a t  room temperature and does not require the 
use of strong bases. Our methodology is based upon the ob- 
servation that 1 -chloro-N,iV-2-trimethylpropenylamine ( la) ,  
which is readily available4 from N,N-dimethylisobutyramide, 
can be smoothly converted to N,N-dimethylmethacrylamide 
(2a) in the presence of pyridine N-oxide and triethylamine.5 
This reaction has been applied successfully to the preparation 
of cu,P-unsaturated amides 2b, 2c, and 2d (Scheme I ) .  The 
reported yields a re  for pure isolated products. The reaction 
probably6 involves ionization of 1 to the corresponding 
keteniminium chloride 3, which then adds pyridine "oxide. 
The adduct 4 should readily undergo 1,4 elimination under the 
influence of triethylamine to give 2. The reaction works equally 
well with diphenyl sulfoxide, but difficulties were encountered 
in the isolation of the a$-unsaturated amides from the sul- 
fur-containing products. Trimethylamine N-oxide and di- 
methyl sulfoxide are not suitable reagents for this purpose, 
since they give mixtures of saturated and unsaturated am- 
ides.' 

These results led us to develop a simple experimental pro- 
cedure to effect a,P dehydrogenation of carboxamides 
(Scheme 11). The amide 5 was first transformed into the cor- 
responding amide chloride 6 according to known  procedure^.^ 
Treatment of crude 6 with pyridine N-oxide and triethylamine 
gives the a,P-unsaturated amides 2 in good yield. The general 
procedure is as follows. A solution of 5 in dry dichloromethane 
( IO- I 5% by volume) was treated overnight with 1 . 1  - I  .5 equiv 
of phosgene.8-'0 Removal of the solvent and excess phosgene 
under vacuum leaves a solid residue that is dissolved in the 
minimum amount of To this solution was added 
dropwise a mixture of pyridine N-oxide (1 equiv) and trieth- 
ylamine (2.5 equiv) in chloroform (exothermic reaction). After 

Scheme 11. General Scheme for C U , ~  Dehydrogenation of Carbox- 
amides 
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Table 1. Dehydrogenation of Saturated Amides 
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we stirred the mixture a t  room temperature for 2 h, it was 
treated with petroleum ether (bp 50-80 "C). Filtration, 
aqueous acid workup, and normal purification procedures 
produce pure samples of a,P-unsaturated amides in good yield 
(Table 1). 

This simple one-pot procedure permits the smooth dehy- 
drogenation of various carboxamides in good yield (entries A 
to J ) .  In the case of substituted cyclohexylcarboxamide (entry 
E), dehydrogenation occurs regiospecifically to give the less 
substituted double bond. This method can be applied to the 
preparation in high yield of some useful functionalized ac- 
rylamides. The availability of the dehydroalanine derivative 
(entry 1) obtained in 85% yield from N-phthaloylalanylpyr- 
rolidinamide opens a potential new route to dehydro amino 
acids from saturated amino acids and demonstrates the effi- 
ciency of our approach. 

A present limitation of the method is illustrated by the fol- 
lowing observation: when the amide chloride 7 derived from 
N,N-dimethylbutyramide was treated with pyridine N-oxide 
and triethylamine according to the procedure described above, 
no unsaturated amide 8 was obtained. The sole product was 
N,N-dimethyl-a-chlorobutyramide (9)' (Scheme 111). In  spite 
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of this limitation, the method should be quite useful, since it 
nicely complements existing procedures. It uses cheap and 
readily available starting materials and is well suited for 
large-scale preparation of a-substituted, unsaturated amides. 
Its scope is broadened by the availability of smooth procedures 
allowing the conversion of tertiary amides into acids, esters, 
aldehydes, ketones, and amines.’ Further applications of the 
newly described dehydrogenation method are under investi- 
gation. 
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Solar Energy Storage Reactions Involving Polynuclear 
Rhodium Isocyanide Complexes. Flash Photolysis Studies 
in Aqueous Sulfuric Acid Solutions 

Sir:  
W e  have recently reported1 that 546-nm irradiation of so- 

lutions of the binuclear Rh( l )  complex Rh2(bridge)d2+ (bridge 
= 1,3-diisocyanopropane) in concentrated HX(aq) results in 

0002-7863/79/ 1501-4383$01 .OO/O 

(nm)-  

Figure 1. Absorption spectrum ( -  - - )  and flash-generated transient dif-  
ference spectrum (-) for [Rh2(bridge)43+], i n  1 N HzSOd(aq) at 25 
“C. 

clean conversion to H2 and Rh2(bridge)4Xr2+ (X = CI, Br).? 
Since these reactions are driven by visible photons, they rep- 
resent one way of achieving conversion of solar to chemical 
energy. Recent work in our laboratory has shown that a ther- 
mal reaction between Rh>(bridge)4’+ and HCI generates a 
blue photoactive species, [Rh2(bridge)~Cl’+],,, and hydrogen. 
Irradiation of [Rhz(bridge)4Cl2+],, produces the ultimate 
products, according to the following scheme: 

Rh?(bridge)4’+ 
A 

I2 M HCI 
+ HCI ___f ( I  /n)[Rhz(bridge)4CI2+],, + I/zH? 

( 1  /n)[Rh~(bridge)~CI’+], ,  
546 nni 

I2 M HCI 
+ HCI - Rh2(bridge)4C122+ + I/rH2 

Analysis of the hydrogen evolved in the separate thermal and 
photochemical steps has established the above stoichiometric 
 relationship^.^ The structure of the photoactive species, 
[Rh7(bridge)4Cl2+],, or that  of an  analogue, [Rhz- 
(bridge)d3+], (prepared by oxidation of Rh2(bridge)42+ in 
H2S04 solutions), is being actively pursued. Evidence 
that bears on the structural question in the case of [Rhz- 
(bridge)43+]n has been obtained in a series of flash photolysis 
experiments, as reported herein. 

Solutions of [ Rh2(bridge)d3+],, prepared by oxidation of 
[ Rh*(bridge)4](BF4)2 in 1 N HzSO4(aq) possess an absorption 
maximum a t  558 nm (t/Rh2 = 44 400) (Figure 1 ) .  Since the 
same A,,,, is obtained for H z 0  solutions with no added elec- 
trolytes, we assume that no sulfate or bisulfate is bound as a 
ligand to the rhodium ~ o m p l e x . ~  Degassed H’S04(aq) solu- 
tions of [Rh~(bridge)4~+], ,  are indefinitely stable ([H2SO,] 
5 20 N).  Flash photolysis reveals a transient(s), however, with 
absorption maxima a t  438 (Ac/Rhz = 34 500) and 705 nm 
(Ac/Rhz = 2000) (Figure Extinction coefficients were 
calculated from the bleaching a t  550-560 nm, making the 
assumption that transient(s) absorption is negligible a t  these 
wavelengths. The transient(s) is prompt, with a rise time of 
< 10 ns, and undergoes clean second-order decay6 to starting 
material. The rate constant in 1 N H2S04(aq) is 3.3 (& 0.2) 
X lo7 M-’ s-l, where the calculation assumes that the bi- 
molecular process involves identical reaction partners (vide 
infra). The rate constant is identical within experimental error 
i n  1 N D2S04 (D2O). 

Figure 2 depicts the dependence of the second-order rate 
constant on ionic ~ t r e n g t h . ~  The slope at  low ionic strengths 
(+8.1) should equal the product of charges of the two reac- 
t a n k x  It is difficult to imagine how such a high product of 
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