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Figure 3. Carbon 1s XPS spectra for a 1.5 L exposure of methanol to 
Pd(ll1):  (a) 110 K; (b) heated to 225 K (c) heated to 300 K; (d) heated 
to 400 K. 

several ions resulting from a 2 L C H 3 0 H  exposure are shown as 
the surface is heated from 110 K. This picture reveals that the 
intensity of the methanol-related secondary ions, C H 2 0 H +  and 
C H 3 0 H H + ,  decrease to zero at 225 K, while the CH3+ and the 
HzOf ions signals increase and then eventually decrease at higher 
temperatures. These trends, along with the corresponding XPS 
C Is intensity measurements for a 2 L exposure,14 suggest that 
as the surface is heated, approximately of the CH30H desorbs 
from the surface while the remaining 3 / 4  of the CH30H dissociates 
at the C-0 or 0-H bond. By 300 K the only SIMS signal 
apparent is a t  m / e  15. Since the CH3+ ion yield from CH,Oads 
on O/Pt( 11 114 has been reported to be negligible, this ion almost 
certainly arises from a surface methyl species. We note that 
oxygenated species such as Oads and CH30ad, are suggested by 
the XPS experiments but are not directly detected in the SIMS 
measurements. The fact that only CH3+ ions are observed with 
SIMS implies that CH3ads does not decompose to CH,,,,, during 
the primary ion impact and ion ejection event. By 450 K the CH3+ 
SIMS signal is no longer detected in agreement with previous TPD 
experimentsI2 which show a CO thermal desorption peak denoting 
recombination and desorption of adsorbed carbon and oxygen. 
At no time during the decomposition of methanol are SIMS (or 
XPS) signals attributable to C O  formation13 observed. This 
suggests that until 450 K, C O  plays no part in the thermal de- 
composition mechanism of methanol adsorbed at 110 K on the 
Pd{ 1 1 1) surface. 

The XPS results for this system are in agreement with the 
mechanism presented above with one addition. The carbon Is  
region for surface temperatures above 175 K reveals the presence 
of a methoxide adsorbate which is approximately equal in intensity 
to the methyl surface species. The carbon 1s photoelectron spectra 
for a 1.5 L C H 3 0 H  exposure on Pd( l l1)  a t  110 K are shown in 
Figure 3a. The C 1s binding energy of 286.2 eV is that of 
methanol on Pd(l1 l].I4 After heating the surface to 175 K the 
carbon 1s spectrum contains two peaks as shown in Figure 3b. 
The peak at 284.2 eV is consistent with a methyl species and the 
peak at 285.9 eV is assigned to the methoxide adsorbate. This 
assignment was determined by a comparison to methanol adsorbed 
on Pd( l l1)  precovered with oxygen and heated to 175 K,I4 a 
procedure known to produce methoxide.* The presence of 
methoxide on clean Pd{ 11 1) is reasonable in our case since this 
species typically forms on an oxygen site, and an oxygen site is 
created, as OH,,, every time CH30H dissociates at the C-0 bond. 
It should be noted, however, that a mechanism wherein the 
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methoxide is first formed, and then decomposes to methyl and 
hydroxyl, has not yet been ruled out. At 300 K the methyl and 
methoxide still exist on the surface, Figure 3c, but by 400 K the 
methoxide species has decomposed completely to CH3ads as shown 
in Figure 3d. 

In summary, we propose the following mechanism for the 
thermal decomposition of methanol on the Pd( 1 11 )  surface from 
the evidence presented herein 

175 K 300 K 

400 K 450 K 
2CH30Ha,js - CH3ads + CH30ads + H 2 0 a d s  

CH3ads + CH3Oads + O a d s  A CH3ads + Oads -----.- Cogas 

The SIMS and XPS evidence suggests that methyl is an un- 
usually stable adsorbate on the Pd( 1 1 1 I surface. The lack of C+, 
CH', or CH2+ SIMS signals a t  400 K suggests that the methyl 
group is the only surface hydrocarbon present at this temperature. 
The fact that CH4 and C H 3 0 H  are'' the major hydrocarbon 
products from palladium catalysts is consistent with a mechanism 
wherein only CH3ads can combine with Hads or OHad,. 
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In the context of our investigations on the use of nitroalkenes 
as 47c components in [4 + 2]-cycloadditions,' we recently developed 
a new, general method for the synthesis of 3-substituted 1- 
nitrocycloalkenes* (Scheme I).  The key step is the alkylation 
of an a-nitro imine or a-nitro hydrazone dianion. Since the 
reduction-elimination of the nitro imines occurs under mild 
conditions (NaBH4/CeC13/room temperature) to afford nitro- 
alkenes and the amine conjugate, we felt that this process was 
ideally suited for auxiliary based asymmetric alkylation. We report 
the following in this communication: (1) the stereoselective al- 
kylation of chiral a-nitro imine dianions, (2) the influence of the 
amide base on stereoselectivity, and (3) the production of optically 
active 1 -nitrocyclohexenes. 

Stereoselective carbon-carbon bond formation with imines and 
hydrazones derived from chiral adjuvants through their metal- 
loenamine forms has been a fertile and rewarding area of asym- 
metric ~ynthesis .~ The importance of coordinating appendages 
in the auxiliary for high selectivity has been amply demonstrat- 
ed.3b.cd Thus, our efforts were first directed at the common amino 
ether auxiliaries4 To survey auxiliary structure we employed 
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Table I. Survey of Auxiliary Structure" 

'o.',o.H base o.*,o.H 

&Nyflz THF / HMPA / -78'C - 
allyl iodide / -9O'C 

1 

entry compd R'  R2 yield (l) ,  B base (equiv) yieldb (2), 70 d.e.,' % 

1 la C HZOCH 3 CH2Ph 59 s-BuLi (2) 66 30d 

3 I C  CH(OCH3)Ph CH3 54 s-BuLi (2) 57 30d 
4 Id  1 -naphthyl CH3 62 s-BuLi (2) 48 42 

87 
6 l b  LDA ( l ) ,  s-BuLi (2) 83 41 

"See Supplementary Material for a general procedure. Reactions done on a 1-2 mmol scale. bCombined yield of chromatographically homoge- 
neous diastereomers. 'Determined by yields of separated, isolated products. dDetermined by integration in the 'H  N M R  spectrum of an unresolved 
mixture. 

Table 11. Optimization of Allylation of Id to 2da 

2 l b  C H 2 0 C  H Ph 75 s-BuLi (2) 60 35 

3 - Id  LDA ( l ) ,  s-BuLi (2) - 73 - 

."&CJ N 
s-BuLi amde /solvent base I addlllve .oq$ 

H "CH? 

\ 

H "CH3 allyl iodde / -90% 

Id  2da 

entry amide base s-BuLi, equiv additive solvent yield" ( ) , b  70 d.e..' % 

1 LDA 
2 LDA 
2 
4 

LDA 
LDA 

2 none T H F  34 (58) 79 
2 HMPA T H F  73 87 

DMPU THF 
DMPU Et,O 

74 (82) 
15 

90 
48 
- 

5 LDA 2 DMPU DME 56 (60) 81 
6 LDEA 2 DMPU T H F  78 (82) 78 
7 LDCA 2 DMPU T H F  59 (68) 82 
8 LiTMP 2 DMPU T H F  41 (64) 83 
9 LDA 1 DMPU T H F  68 (77) 83 

10 L D A ~  0 DMPU T H F  83 78 
'Combined yield of chromatographically homogeneous diastereomers. Yield based on converted starting material. Determined by yields of 

separated, isolated products. "Three equivalent LDA. 

the optimized protocol for a-nitro imines developed in our earlier 
work:2 base, s-BuLi; solvent, THF (5 equiv of HMPA); tem- 
perature, -78 to -90 "C; electrophile, allyl iodide. The results 
with various auxiliaries (Table I) were initially discouraging. 
Further, we were surprised to find that the highest d.e. was ob- 
tained from Id in which the auxiliary (@)-1-(1-naphthyl)- 
ethylamine) bore no coordinating group! Moreover, careful ex- 
amination of the procedures in nearly all published studies showed 
that LDA is uniformly used as baseas Thus we repeated ex- 
periments 2 and 4 (Table I) using LDA (1 equiv) and s-BuLi (2 
equiv) (entries 5 and 6). In both cases the yield improved con- 
siderably, but strikingly the d.e. more than doubled with Id .  

To fully examine the influence of experimental parameters on 
yield and stereoselectivity in reaction of Id a study of additive, 
amide base, solvent, and stoichiometry was performed. The results 
are collected in Table 11. The importance of coordinating ad- 
ditives was examined first. While it was not possible to eliminate 
the use of additives we were pleased to find that Seebach's DMPU6 
(entry 3) gave a higher yield and better d.e. than HMPA. Next, 
solvent was varied (entries 4 and 5) and we found no advantage 
in the use of E t 2 0  or DME. To probe our model for the origin 
of diastermelection in the dianion-LDA complex we next surveyed 

( 5 )  (a) Fraser, R. R. In Comprehensive Carbanion Chemisfry: Buncel, E., 
Durst, T., Eds.; Elsevier: Amsterdam, 1984: Part B, Chapter 2. (b) Fraser, 
R. R.; Akiyama, F.; Banville, J. Tefrahdedron Len. 1979, 3929. 

(6) Mukhopadhyay, T.; Seebach, D. Helv. Chim. Acta 1982, 65, 385. 

Table 111. Alkylations of Id 
A 

l d  2d 

entry R product yield" ( ) , b  % d.e.' ( ) , d  o/c 

1 CHZzCHCH2 2da 74 (82) 90 (80) 
2 CH,=C(CH,)CH, 2db 56 (64) 85 (86) 
3 CH,  2dc 63 (70) 59 (59) 
4 CH,(CH2), Zdd 59 (62) 96 (98) 
5 (CHi),CH 2de 16 (34) 95 (90) 

"Combined yield of chromatographically homogeneous diastereo- 
mers. bYield based on converted starting material. 'Determined by 
yield of separated isolated products. dDetermined by HPLC analysis 
of purified but unresolved mixtures. 

base structure (entries 6-8). While no improvement was expected 
for LDEA or LDCA we did anticipate a higher d.e. with LiTMP. 
Unfortunately, the yield dropped considerably. Using the optimum 
conditions but employing only 1 equiv of s-BuLi (entry 9), we 
obtained a good yield of 2da with considerable d.e. This result 
is intriguing since it implies that either ( I )  the second pk, of Id 
is lower than i-Pr2NH or (2) Li' Id- is kinetically more acidic 
than i-Pr2NH and proton transfer is slow. In either event, i-Pr,NH 
is now serving as a ligand for the dianion. Finally, LDA alone 
gave high yields of Ma but with diminished selectivity (entry 10). 

The general utility of this method was explored by varying the 
electrophile as shown in Table 111. Surprisingly neither benzyl 
halides nor tosylate gave good results. All of the alkylation 
products 2da-2de were crystalline and with the exception of 2de 
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Scheme I1 

-6 ““nBu 

.o$J NaBH, / CeCI, - 1 L-Selectride 

2 HzSOa 
53% nBU 

H ‘CH3 
nBu 

2dd 36 

could be easily resolved into major and minor diastereomers. For 
a direct comparison of diastereoselectivities the purified, but 
unresolved reaction mixtures were analyzed by HPLC and the 
results appear in Table 111. 

To establish the sterochemical course of the alkylation the pure, 
major diastereomer of a-nitro imine 2dd was reduced with 
NaBH,/CeC132 (Scheme 11) to afford nitroalkene 3d - 
20.7’ (c 3.21, CHC13)) in 53% yield along with recovered (S)- 
1-(1-naphthy1)ethylamine (99.6% e.e.)7 in 52% yield (distilled). 
The nitroalkene was converted to 3-n-butylcyclohexanone by the 
method of Kabalkas and the absolute configuration of this ketone 
was established to be R (>94% e.e.)9*10 via the diastereomeric 
dioxolane ketals prepared from (R,R)-2,3-butanediol(99.4% e.e7). 
Thus, (S)-amine induced attack at  the re face of the dianion. 

It is clear that the amide base is intimately involved with the 
dianion and is most likely restricting the conformational possi- 
bilities of the sterogenic 1-(naphthy1)ethyl unit. The association 
of lithium amide bases with enolates and metalloenamines has 
been elegantly demonstrated by X-ray crystallography” and 
isotope labeling experiments.12 Recent reports of enantioselective 
reactions of achiral lithium enolates generated by or in the presence 
of chiral lithium amides must also be interpreted in terms of similar 
aggregated  structure^.'^*'^ Furthermore, Meyers has demon- 
strated the special role of LDA for highly selective alkylations 
of chiral oxa~ol ines . ’~ In a control experiment we repeated the 
alkylation of cyclohexanone using the (5‘)-phenylalaninol methyl 
ether iminek with LDA and with s-BuLi. The enantioselectivities 
were identical within experimental error (77 f 0.3%), the base 
playing no additional role in these reactions. Thus, the a-nitro 
imine dianions are unique in the lack of stereocontrol from a 
coordinating auxiliary, while being sensitive to the presence of 
coordinating bases. 

In summary we have demonstrated the diastereoselective al- 
kylation of chiral a-nitro keto imines and their stereospecific 
conversion to versatile l-nitrocyclohexenes,I6 in optically active 
form. Further investigation into the role of the amide base and 
use of the optically active nitroalkenes in synthesis will be the 
subject of future reports. 
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Recently there has been an intense interest in the physical and 
chemical properties of small transition metal containing ions in 
the gas phase. The species that have been studied include mon- 
atomic positive ions M+,’ negative ions M-,2 and homonuclear 
and heteronuclear cluster ions of different sizes.3 Contrary to 
a belief that doubly charged transition metal ions might only 
undergo charge exchange reactions with small hydrocarbons in 
the gas phase, recent studies have shown that TiZ+ and Nb2+ 
undergo a variety of interesting reactions with these compo~nds .~  
A natural extension of this work is the study of doubly charged 
cluster ions. Here we report the in situ synthesis of LaFe2+ and 
its reactivity with a few small hydrocarbons in the gas phase. 
There is only one other report of a verified doubly charged metal 
dimer in the literature that we are aware of. Tsong recently 
reported observing Mo:+ using a pulsed-laser field evaporation 
source in conjunction with a time-of-flight mass spec t r~meter .~  
However, Jentsch and co-workers6 successfully observed several 
doubly charged metal trimer ions and Sattler and co-workers7 have 
observed Pb:+ for n above a critical number of 30. 

The present experiments were performed on a prototype Nicolet 
FTMS-1000 instrument equipped with a 5.2 cm cubic trapping 
cell situated between the poles of a Varian 15 in electromagnet 
maintained at  0.9 T.8 La2+ was generated by focusing the beam 
of a Quanta Ray Nd:YAG laser (1.06 pm; 108-109 W/cm2) onto 
a La target. Laser desorption forms La2+ in varying amounts 
relative to La+ depending on the focusing spot on the target, with 
La+ being ejected immediately after its formation to avoid any 
interference?*l0 The isolated La2+ was then reacted with Fe(CO)S, 
which was pulsed in through a General Valve Corporation Series 
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