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Figure 1. Perspective view (derived from an ORTEP drawing) of the 
molecular structure of MoI(N&Hj i)(dppe)2 (3) as seen in crystals of 
i t s  benzene solvate. 

amagnetism) a t  21° of 1.83 B,. This value is comparable to 
pLeff for other molybdenum(1)-dppe containing com- 
p o u n d ~ . ] ~  

Under similar conditions chloromethane and 1 reacted to 
produce methane, dinitrogen, dihydrogen, and 
MoCl(Nz)(dppe)Z (6). 6 was crystallized from benzene- 
methanol solution with one methanol of solvation. 6 was 
first reported by Smith and  coworker^.'^ In the infrared 
spectrum (CsI pellet) noteworthy absorptions were ob- 
served at 1966 and 31 1 cm-' due to V N ~ N  and VMo-Ci, re- 
spectively. * 

Two points critical to discussions of mechanisms for these 
reactions can be noted a t  this time. Firstly, 1 has an  absorp- 
tion maximum a t  376 nm ( t  14,500) that may be tentatively 
assigned]' to a charge transfer transition between metal or- 
bitals and dinitrogen antibonding orbitals. Secondly, in all 
the reactions reported herein one dinitrogen is retained by 
the metal, either as an  unreacted dinitrogen ligand or incor- 
porated in an alkyldiazenido ligand. 

Investigation of the chemical and physical properties of 
these interesting compounds and the mechanisms of their 
formation are in progress, as are attempts to grow high- 
quality single crystals of 3 and the other compounds re- 
ported herein for X-ray diffraction studies. 
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7-cis,9-cis- and 7-cis,9-cis,13-cis-Retinal. A 
Stereoselective Synthesis of 
7- cis,9-cis-P-Ionylideneacetaldehyde1 
Sir: 

Earlier we reported the preparation of four 7-cis isomers 
of retinal by a six-step nonselective reaction sequence.2 By 
this scheme the separation of isomers, particularly pairs 
around the 9,lO-double bond, presented difficulty. Since 
then, we have been able to effect HPLC separation of 7-cis- 
and 7-cis,9-cis-retinal but are still unable to resolve the re- 
maining isomeric pair (7-cis, 13-cis and 7-cis,9-cis, 13-cis) by 
this t e ~ h n i q u e . ~  Similar difficulties exist in separating reti- 
nal precursors, such as the Cis-trienals and Clg-tetrae- 
nones. We therefore sought to undertake the completely 
stereoselective synthesis of the trienalsl in order to prepare 
specific retinal isomers wherein the configuration of the tri- 
substituted 9,lO-double bond would be totally unambig- 

In designing schemes to a single isomer of P-ionylidenea- 
cetaldehyde (1) we found little guidance from available lit- 
erature. There were no reports of stereoselective syntheses 
of the two 7-trans trienals despite the fact that these com- 
pounds are important precursors to vitamin A.4 Pure tt- 1 
and tc-1 were only obtained by fractional crystallization of 
an  aldehyde derivative followed by regeneration of the free 
aldehyde. This procedure was clearly inapplicable to the 
preparation of 7-cis isomers because of the sensitivity of the 
7-cis geometry to regeneration reactions involving carboni- 
um ion intermediates and failure on our part to obtain satis- 
factory crystalline derivatives. 

Of the several approaches we have attempted, Scheme I 
was found to be highly stereoselective and led to isomerical- 
ly  pure 7-cis,9-cis-/3-ionylideneacetaldehyde. 

Acetoxylation of p-ionone with Pb(OAc)4 in refluxing 
benzene (3 hr) gave trans- 1 0-acetoxy-P-ionone (2) bp 
120-124' (0.5 Torr), in 35-45% ~ i e l d . ~ , ~  The Horner reac- 
tion of 2 with the sodium salt of triethylphosphonoacetate 
in benzene (room temperature, 3 hr) was highly stereoselec- 
tive (tt-3/tc-3 = 19),' giving t t -3  in 78% yield as a nearly 
colorless crystalline solid, mp 75.5-76.0' (from aqueous 
ethanol). Irradiation of t t -3  (0.0425 M in benzene) for 8 hr 
a t  10' (uranium glass filter, 200-W medium pressure Hg 
lamp) in the presence of benzanthrone (0.0045 M ,  ET = 47 
kcal/mol) as sensitizer gave 7-cis- and 7-cis,9-cis-3 in a 
ratio of 1:10.5.* After crystallization from aqueous metha- 
nol 7-cis,9-cis-3 was obtained as a low melting solid, mp 
50-52'. Upon acid-catalyzed methanolysis, 7-cis.9-cis-3 
gave the corresponding 7-cis,9-cis-9-hydroxymethyltriene 
ester, 4. In this reaction the corresponding hydroxy ester de- 
rivative of 7-cis-3 was converted to butenolide, '4a.8 This 
minor product was also prepared by acid-catalyzed methan- 
olysis of t t -3  followed by photosensitized isomerization of 

uous. 
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Scheme I 

2 tt-3 + tc-3 

1 mo 4- qCozEt - QC02Et (cc/ct = 10.5) 

0 OH OAc 
4a 4 cc-3 + ct-3 

1 

6, R = C02Et 
7. R = CH,OH 
1, R = CHO 

Figure 1. 'H NMR spectrum (FT, 100 MHz) of 7-cis,9-cis-retinal in 
CDCI3: (A) vinyl region expanded (CDCI,); (B) vinyl region expand- 
ed, in DMSO-&. 

the 7-trans-butenolide. Mesylation of alcohol 4 (mesyl 
chloride, triethylamine and CH2C12)9 gave mesylate 5 in es- 
sentially quantitative yield. Crude mesylate 5 was immedi- 
ately reduced with NaBH4 in HMPA to give the desired 
isomerically pure triene ester 6.'O>" The N M R  spectrum of 
6 was identical with that previously reported from the spec- 
trum of a mixture of isomers.12 The overall conversion of 
t t -3  to cc-6 was effected in 87% yield without intervening 
purification steps. Reduction of dicis triene ester 6 with 
LiAlH4 in ether afforded the alcohol 7 in high yield. Lastly, 
oxidation of alcohol 7 with freshly prepared active MnO2 
(room temperature, 1 hr, CH2C12) gave pure 7 4 s .  9-cis-@- 
ionylideneacetaldehyde (cc-1) in 74% yield. Its N M R  spec- 
trum was identical with that previously reported.12 

The condensation of methyl trans-4-diethylphosphono- 
3-methyl-2-butenoate (8) with a,@-unsaturated aldehydes 
(e.g., cis or trans citral) has been reported to proceed stere- 
oselectively to give only ditrans diene esters. Similarly, the 
reaction of pure cis-8 with aldehydes resulted in extensive 
isomerization around the 2 double bond.13 In our hands the 

80 7 0  6 0  50 40 3 0  2 3  I O  

PPM (6) 

Figure 2. 'H NMR spectrum (FT, 100 MHz) of 7-cis,9-cis. 13-cis-reti- 
nal in CDC13: (A) vinyl region after addition of Pr(fod)3 shift reagent. 

Horner reaction of 7,9-cc-1 with excess 8 (NaH, THF,  5 
hr, room temperature) gave a -1 : 1 mixture of methyl 7-cis,9- 
cis- and 7-cis,9-cis, 13-cis-retinoates (9) in 7 1% yield. The 
isomers were separated by column chromatography (Biosil 
A, 25% CHC13-hexanes) with the tricis isomer eluting in 
the earlier fractions:I4 nmr 6 (CDC13), 7,9-cc-9, 1.07 (6 H),  
1.49 (3 H ,  l8-CH3), 1.86 (3 H ,  19-CH3), 2.34 (3 H, 20- 
CH3), 3.69 (3 H ,  -OCH3), 5.77 (bs,  HI^), 5.9-6.3 (m, H7, 
Hlo, and HI*),  6.59 (d, J = 13 Hz, Hs), and 7.02 (d of d, J 
= 11.5 and 15.0 Hz, H11); 7,9,13-ccc-9, 1.07 (6 H),  1.49 (3 

(3 H, -OCH3), 5.62 (bs,  HI^), 5.95-6.25 (m, H7 and Hlo), 
6.59 (d, J = 12.5 Hz, Hs), 6.99 (d of d, J = 11 and 15 Hz, 
H11), and 7.70 (d, J = 15.5 Hz,  HI^). 

The formation of the 7-cis,9-cis,l3-cis isomer suggests ei- 
ther a loss of stereochemistry in the betaine intermediate 
from 8 and 7,9-cc-1 or isomerization of the anion of 8 prior 
to its reaction with the aldehyde. We favor the latter possi- 
bility since, in a separate experiment, treatment of 8 with 
N a H  followed immediately by quenching of the salt mix- 
ture with water gave a ca. 1:l mixture of both cis- and 
trans-8. These observations are clearly not in accord with 
earlier reports concerning the selectivity of 8 in Horner 
reactions. At this stage we are unsure of the cause of this 
discrepancy. 

H, 18-CH3), 1.86 (3 H,  19-CH3), 2.05 (3 H, 20-CH3), 3.68 
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Subsequent reduction of the mixture of methyl 7-cis, 9- 

cis- and 7-cis, g-cis, 13-cis-retinoates with LiAlH4 (room 
temperature, 2 hr) followed by MnO2 oxidation (CH2C12, 
room temperature, 0.75 hr) gave the corresponding mixture 
of retinal isomers. Separation of 7-cis,9-cis- and 7-cis,9- 
cis, 13-cis-retinal was readily effected by column chroma- 
tography (Biosil A, 25% CHC13-hexane) with the latter 
eluting first.I4 The N M R  spectra of the pure isomers are 
presented in Figures 1 and 2. The spectrum of 7-cis,9-cis- 
retinal is identical with that of HPLC purified sample from 
the mixture prepared previously. The olefinic region is well 
resolved and all vinylic hydrogens can be unambiguously 
assigned. The spectrum of 7 4 s .  g-cis, 13-cis-retinal is com- 
plicated by the accidental equivalence of H-11 and H-12; 
however, with Pr(fod)3 shift reagent, the familiar first order 
d and d of d signals for H-12 and H-11, respectively, are 
again present (see A in Figure 2). 

We are currently examining alternate approaches to ster- 
eoselective 15 + 5 condensations of 7,9-cc-1 as well as new 
routes to pure 7-c-1. 
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Inhibition of Jack Bean Urease (EC 3.5.1.5) by 
Acetohydroxamic Acid and by Phosphoramidate. An 
Equivalent Weight for Urease 

Sir: 
On the basis of earlier reports of new substrates for ure- 

ase,I,* and our finding that semicarbazide was a s ~ b s t r a t e , ~  
we quite wrongly predicted that phosphoramidate would 
also be a substrate. Instead we fourid that it produced re- 
versible inhibition with kinetic characteristics surprisingly 
similar to those of acetohydroxamic acid. This finding has 
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enabled us to obtain two totally independent assessments of 
the operational equivalent weight4 of urease, measured by 
correlation of specific enzymatic activity with the incorpo- 
ration of the reversibly bound inhibitors, ['4C]acetohydrox- 
amic acidsq6 and [32P]phosphoramidate. Further, it led us to 
reexamine the metal ion content of urease which is reported 
in the following comm~nica t ion .~  

[U-14C]Acetohydroxamic acid was prepared from [U- 
''C]acetamides by treatment with hydroxylammonium 
chloride for 1 hr a t  86-96' with the exclusion of moisture. 
The recrystallized product had constant specific radioactivi- 
ty (17.70 pCi/mmol) and mp 88.7-89.1°, lit.9 mp 89'. 
[ 14C]Acetohydroxamic acid was assayed spectrophotomet- 
rically,1° using acetohydroxamic acid as standard. 

Ammonium [ 32P] phosphoramidate was prepared essen- 
tially as described by Sheridan et aLI1 The recrystallized 
product had constant specific radioactivity (177.3 pCi/ 
mmol), and was free of contaminating radi~act ivi ty , '~  and 
of material which did not hydrolyze in acid to give inorgan- 
ic phosphate.15 

Scintillation counting of aqueous samples was carried out 
in Instagel (Packard Instrument Co., Inc.) or in a medium 
prepared from toluene (Mallinckrodt, scintillation grade; 48 
vol), Triton X-100 (35 vol), and Liquifluor (New England 
Nuclear; 2 vol) using a Nuclear Chicago Mark I or a Beck- 
man LS 250 liquid scintillation system. Counting efficien- 
cies were measured using an internal standard of [14C]to- 
luene (New England Nuclear) or ammonium [32P] phospho- 
ramidate (25 pl of a 3.442 m M  aqueous solution) dispensed 
with a Grunbaum pipet (Labindustries). All dilutions and 
measurements were made in duplicate. 

Urease was prepared as previously described,16 except 
that the storage buffer was 5 m M  in 6-mercaptoethanol. 
Two totally independently prepared samples (I and 11) of 
the enzyme were used. Ureases I and I1 had specific activi- 
ties" of 84,620 and 84,610 (pkat/ l .) /A2~0, respectively. 
Assays of inhibited enzyme samples and of control samples 
of native urease were performed at loo,  at which tempera- 
ture the reactivation of inhibited enzyme during assay is 
negligible. 

Urease I (5.10 ml, 5.62 mg/ml, in oxygen-free 0.02 M 
phosphate buffer, 1 m M  each in EDTA and P-mercap- 
toethanol, pH 7.0) was equilibrated at 38' with 4.9 m M  
[U-'4C]acetohydroxamic acid for 10 min. Urease I1 (5.30 
ml, 2.46 mg/ml, in 0.05 M N-ethylmorpholine buffer, 1 
m M  in EDTA and 5 m M  in P-mercaptoethanol, pH 7.12) 
was equilibrated at 38' with 23.2 m M  2-(N-morpholino)e- 
thanesulfonic acid (to produce pH -6.0) and 1 1.9 m M  am- 
monium [32P]phosphoramidate for 10 min. 

In each experiment, the sample of inhibited enzyme was 
cooled rapidly to Oo, and passed at 4' through a column 
(3.0 X 35 cm) of Sephadex G-50 preequilibrated with the 
appropriate oxygen-free buffer. As expected from the slow 
reactivation at 4' of the enzyme-inhibitor complexes,6 ap- 
propriate assays showed that the protein-inhibitor peaks 
were completely separated from the unbound radioactive 
inhibitors. The peak protein fraction ("maximally inhibited 
enzyme") was assayed immediately for enzymatic activity, 
protein concentration, and radioactivity. Aliquots (3.0 ml) 
of the maximally inhibited enzyme were equilibrated at 38' 
for varying lengths of time, cooled to O', passed through 
columns (2.2 X 14.5 cm) of Sephadex G-25 at 4', and simi- 
larly assayed. The results of these assays are given in Table 
I. 

A plot of the residual specific enzymatic activity of the 
effluent protein (expressed as a percentage of its specific ac- 
tivity before treatment with radioactive inhibitor) vs. the 
ratio [protein-bound inhibitor] / [protein] is strictly linear 
(Figure 1). The least-squares line so obtained extrapolates 
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