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The stable structures of pure ethylene and mixed ethylene-ammonia cluster ions are studied using an electron impact 

ionization time-of-flight mass spectrometer. Investigations on the relative cluster ion distributions of ©HMNHj， 

under various experimental conditions suggest that and (C2H4)3(NH3)2 ions have the enhanced structural

stabilities, which give insight into the feasible structure of solvated ions. For the stable configurations of these ionic 

species, we report an experimental evidence that both (CM。* (C2H4)扌 clusters as the central cations provide three 

and two hydrogen-bonding sites, respectively, for the surrounding NH3 molecules. This interpretation is based on 

the structural stability for ethylene clusters and the intracluster ion-molecular rearrangement of the complex ion 

under the presence of ammonia solvent molecules.

Introduction

The most remarkable progress in the cluster ion chemistry 

is the recent finding of the intracluster ion-molecule reac

tions.1-4 As a large number of neutral molecules attach to 

the central ion, the gas phase becomes to resemble that per

taining in solution in the vicinity of ions. The careful study 

of this system, thus, makes it possible to bridge the gap 

between gas-phase and solution chemistry. This in turn per

mits a more precise understanding of the nature of solution 

of ions by solvent molecules.5

Numerous experimental attentions6,7 have been also paid 
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to cluster systems in which small number of solvent mole

cules are bound to a solute molecule. The investigation of 

solvation phenomena then provides the knowledge of mecha

nisms of **internal ion-molecule reaction" in clusters, giving 

direct information on the influence of solvation and insight 

into the structure of solvated ions. Although mass spectros

copic studies of mixed clusters do not provide direct infor

mation on quantitative thermodynamic properties, they do 

render an information on the cluster ion stability from the 

appearance of relatively significant intensities in the cluster 

ion distributions.7,8 In the case of cluster systems this stabi

lity is typically correlated to a stable and closed solvent shell, 

hydrogen bonded directly Jo a central cation.9 In recent years 

the study of magic numbers, i.e., the occurrence of intensity 

anomalies in an otherwise smooth cluster ion distribution, 

has also been used to help uncover new ion-molecule chemi

stry within van der Waals clusters.10

The experimental and theoretical efforts have been direc

ted towards understanding the dynamics involved in the in

tracluster ion-molecule reaction of ethylene clusters.1112 The 

common conclusion from these studies is that the primary 

reaction proceeds through some long-lived intermediate 

which can be collisionally stabilized to yield a butene struc- 

t니re.'’ The first experimental evidence for the existence of 

magic number of ethylene clusters was reported by Garvey 

and co-workers14 recently. The experiment has not fully co

vered the details of ionic structure in ethylene chist은rs 젆nd 

whether Mstable structures” exist in the binary system con

taining polar solvent molecules. The study of the appearance 

of especially stable ions rearranged from some van der Waals 

cluster ions is al응o of extreme interest and importance.

In this paper, we present a study of stable structures of 

mixed ethylene-ammonia cluster ions, (C2H4)체(NHj；. The 

identification process of the heterocluster ions used in this 

study is based on mass assignment of the particular 

sequence of peaks and also on the observation of magic nu

mbers in heterocluster mass spectra. The results provide 

insight into solvation phenomena from microscopic standpoi

nts and hopefully shed new light on the structure of the 

ethylene cluster ions.

Experimental

The apparatus and experimental techniques used in the 

present work are essentially the same as those previously 

used.15 Briefly, cluster beams are generated in a supesonic 

expansion through a 800 卩m diameter pulsed nozzle at total 

pressure up to 64 psi with He as a carrier gas. The free 

jet is skimmed by a conical skimmer of 1 mm diameter pla

ced 5 mm downstream of the noz가巳 The resulting pulsed 

beam with a duration of about 500 ps is introduced into 

the ionization region of a time-of-flight mass spectrometer 

(TOFMS) where a pulsed electron beam intersects it at or

thogonal direction. Ions formed by the electron impact are 

accelerated in a double electrostatic field to about 1.1 KeV 

and directed through alm long flight tube, which is differe

ntially pumped by a 200 L/s turbomolecular pump. The ions 

are then detected by a channel electron multiplier (Murata, 

EMS-2082B) in connection with a fast preamplifier (ORTEC, 

Mod미 579). The mass spectrum is recorded by a digital 

storage oscilloscope (LeCory 9400A) coupled with IBM PC

Figure 1. Comparison of electron impact (50 eV) TOF mass 

spectra of pure ethylene and mixed ethylene-ammonia clusters: 

(a) pure C2H4 (6%); (b) C2H4 (6%)+NH3 (0.06%); (c) C2H4 (6%) 

+ NH3 (0.3%). The total stagnation pressure is 64 psi He. Inte

gers above the peaks denote n and m, the numbers of C2H4 

and NH3 molecules in an individual cluster ion, respectively. E 

and M designate C2H4 and NH3 molecules.

/AT computer. The experiments operate at 2 Hz and TOF 

spectra typically are accumulated for 500 pulses.

Ethylene and ammonia were obtained from Matheson with 

quoted purities of 99.5 and 9999%, respectively, and were 

used without further purification.

Results and Discussion

Figure la shows the TOF mass spectrum of a pulsed mo

lecular beam expanded from 64 psi He containing 6% ethy

lene at 50 eV impact energy. In addition to the fragment 

peaks, it exhibits a major sequence of cluster ions with the 

formula (C2H4)„t which one could attribute to the unreact

ed parent cluster ions, ie., no protonation reaction. Similar 

results have been also recently reported in the electron im

pact ionization16 and the near-thresh이d vacuum UV photoio

nization12 mass spectrometries. The minor peaks are due to 

the fragmented ions such as C3H5 and C4H7, which is consi

stent with the ethylene ion-molecule reactions.11 It should 

be noted here that the fragmented cluster ions, (C2H4)차C3H言 

and (C2H4)nC4H^t are also abserved as a result of the 

intracluster ion-molecule reactions13,17

(C2H4)： 一一> (C2H4)^2C3Ht + CH3 (1)

(C2H4)： —> (C2H4)m_2C4H^ +H (2)

which correspond to the conventional ion molecule reactions 

of ethylene.

It has been known the component ratio of the gas mixture 

is a crucial factor in producing the mixed cluster ions.8,18 

The effect of the gas mixing ratios on the abundance dis

tribution of mixed cluster is*  demonstrated in Figure lb and 

1c which display the same protion of TOF mass spectra 

taken at different mixing ratios of ethylene/ammonia= 

100/1 and 20/1. Now with an 6% ethylene-0.06% ammonia
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coexpansion we produce neutral clusters of the type (C2H4)”- 

(NH3L. A large number of new homo- and heterocluster ion 

species become observable when an ethylene/ammonia coex

pansion is ionized at 50 eV (Figure lb). A major sequence 

of ion peaks, (C2H4)：, is observed which closely resembles 

a pure ethylene in helium expansion. This is consistent with 

the view that very low concentrations of ammonia do not 

significantly alter the overall beam expansion conditions.

In addition to the ethylene cluster ions, a new sequence 

of heterocluster ions of the type (CzHQJNHQ； (n = l to 8 

and m = l to 10) also emerges throughout the obsrved mass 

spectrum. It is quite surprising that heterocluster ion is ef

fectively formed under the condition of the trace amount 

of ammonia molecules. The unprecedented detection of these 

heterocluster ions is primarily attributed to the solvation of 

ammonia molecules around the ethylene cluster ion through 

hydrogen bonding. A very similar result has been observed 

in our recent study on acetylene-ammonia heterocluster ions.7 

Although 사le (C2H4)ff(NH3)mH+ 이uster ion is also observed 

in the mass spectra, its contributions are minor due to the 

weak van der Waals force between the ethylene molecule 

and the hydrogen atoms bonded to protonated ammonia clus

ter ion.

As the ammonia concentration is increased further the 

ethylene/ammonia coexpansion exhibits number of marked 

changes in the relative intensities of the heterocluster ions 

(Figure 1c). One may immediately notice that the overall 

spectral pattern looks quite different from that of pure ethy

lene clusters in helium as shown in Figure la. At the relati

vely high concentration of ammonia (6% ethylene-0.3% am

monia), the mass spectrum is dominated by intense peak 

series originating from protonated ammonia cluster ions, and 

ethylene cluster ions a옹 well as heterocluster ions are much 

less intense. It is inferred that the formation of ethylene 

homocluster ion is now quenched within the heterocluster 

system at relatively high NH3 concentration. This is consis

tent with the view that ammonia clusters of various sizes 

are easily formed in a supersonic expansions as compared

at 50 eV 

ICjHil/tNHal =20/1

(b)

0 2 4 6 8

Number of ethylene, n

Figure 3・ Intensity distributions of (CzHDJNHjU ions as a func

tion of number of ethylene molecules, n: (a) C2H4 (6%)+NH3 

(0.06%); (b) C2H4 (6%)+NH^ (03%). q represents 나此 total num

ber of molecules involved in the clusters, q=n+wi.

with van der Waals clusters such as ethylene due to its fea

sible hydrogen bonding. The formation of heterocluster ions 

also appears less favorable as a result of the intracluster 

excess energy dissipation in which some portions of the ex

cess energies are liberated as a translational energy of the 

evaporating ethylene molecules via the excitation of van der 

Waals modes of the clusters.

(C2H4)„(NH3)：* 一＞ (C2H4)，MNH3)n+xC2H4 (3)

Figure 2 summarizes the intensity distributions of the ma

jor sequence of cluster ions, (CH)*,  as a function of clus

ter size n which are obtained with pure ethylene and three 

different ethylene/ammonia mixtures while maintaining other 

nozzle conditions unchanged. For mixing ratios above [C2H4] 

/LNH3] = 20/1, a clear intensity drop from (C2H4)： to (C2H4)? 

is readily discerned from the plot, which has also been ob

served by several other research groups.12,19 Garvey and 

co-workers14 have proposed that the observed ethylene clus

ter ions are produced as a result of the successive intraclus

ter condensation reactions. The observation of the anomaly 

of the magic number at 刀=4 is then due to the formation 

of CsHt6 molecular ion generated via a series of successive 

ion-molecule reactions within the cluster. They therefore att

ributed the origin of this magic number not to the stability 

of a solvate central cation but rather to the generation of
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Figure 4. Plot of (a) (C2H4)3(NH3)； and (b) (C2H4)2(NH3)： ion 

intensities as a funtion of ammonia cluster number nt at different 

mixing ratios. It should be noted that the intensity anomaly is 

insensitive to the experimental conditions mentioned above at 

m=0.

a new molecular ion due to a balance between the decrease 

in rate constant for each successive addition reaction and 

the evaporative loss of the remaining monomers.

The discontinuity, which corresponds to the salient inten

sity break between n = 4 and n = 5, however, exhibits a pro

pensity of decrease and instead the magic number shifts 

to n=3 as the concentration of ammonia in the mixture is 

increased. In order to confirm the magic number shift from 

m = 4 to n=3f the intensity distribution of heterocluster ions, 

(C2H4)b(NH3)^, is investigated in a different way. Figure 3 

displays the intensity distributions of (CZH4)„(NH3)« ions as 

a function of number of ethylene molecules, m, based on 

the conditions leading to the data in Figures lb and 1c. The 

total number of molecules in heteroclusters is represented 

as q(=n-hm). At high mixing ratio (6% C2H4/O.O6% NH3), 

a distinct feature is readily discerned (Figure 3a): in small 

clusters (q<4) the most intense ions denote ethylene homoc

luster ions, (C2H4)^(m^4), among the clusters having the 

same q value. Interestingly, the heterocluster ions containing 

an ammonia molecule (GHMNHj*  become predominant 

over the pure (C2H4)； clusters above q = 5 even though the 

mixing ratio [CzHj/lNHa] in the system is very large.

As the composition of ammonia is increased, as shown 

in Figure 3b, NH3-containing cluster ions are increased. The 

most intriguing finding in Figure 3b is that there exists a 

local maximum at n~3t corresponding to 나le (C2H4)3(NH3)i 

cluster ions. The general tendency is th간 increasing the am

monia concentration in the neutral clusters causes shift of 

the intensity anomaly (magic number) to n = 3. This informa

tion is suggestive of the fact that ethylene trimer ion exhibits 

a pronounced magic number, thereby having the stable geo

metry in the ammonia moiety.

To further investigate the structures of ionized ethylene 

clusters under the ammonia solvation, we concentrated on 

an examination of the general trends in the size distribu

tions of cluster ions. In the present study, we are most inte

rested in the relative stabilities of cluster ions, particularly 

the mixed 이uster ions ©HQJNHj，Plotting the observed 

(C2H4)n(NH3)^ ion intensities as a function of the number 

of ammonia m이ecules in the clusters, more clearly reveals 

the notable features.

Figure 4a shows the intensity plot of the various (C2HD3 

(NH3)； ions, normalized with respect to the most intense 

peak, as a function of m at three different mixing ratios. 

When the ethylene/ammonia mixing ratio is large (100/1) 

there is no intensity anomalies in the heterocluster ion dis

tribution. As the NH3 concentration is increased an interes

ting effect is seen in the intensity distribution of heteroclus

ters. The intensity break between ©HDJNHj*  and (C2HD3 

(NH3)3 in the binary expansion is particularly pronounced 

as the mixing ratio is decreased. These findings were further 

confirmed under various experimental conditions, e.g., gas 

component mixing ratios (ethylene/ammonia=50/1 to 10/1), 

nozzle stagnation pressures (44-64 psi), and electron impact 

energies (50-100 eV). The results show that the feature of 

intensity break in the cluster ion distribution is independent 

of experimental conditions mentioned above. The observation 

that an abrupt decrease in the intensity distribution of the 

(C2H4)3(NH3)^ ions between m~2 and 3 (Figure 4a) implies 

that the ethylene trimer does indeed afford a relatively sta

ble structure.

In order to explain the sudden intensity break observed 

in the (C2H4)3(NH3)i clusters, a stable structure of certain 

ionic clusters produced via ionization should be considered 

since the magic number features usually entail the enhanced 

stability of certain cluster ions. After the neutral clusters 

are ionized by electron bombardment excess energies within 

the clusters are liberated by reorganization of the molecules 

accompanied by the intracluster ion-molecular rearrangeme

nts and by “boiling-off*  of molecules, which leads to cooling 

down of the ionized clusters. From the result given above, 

we suggest that among 나le possible C6Ht2 isomers17 the sta

ble geometry of ethylene trimer ion has an trans-3-C^2 

structure, where the available hydrogen-bonding sites will 

be two if there exist the solvent molecules such as ammonia.

Figure 4b 아lows the intensity plot of the (C2H4)2(NH3)i 

ions as a function of m at three different mixing ratios. Most 

unexpected is the finding of drastic changes in the intensity 

distribution when NH3 concentration is increased. That is, 

increasing ammonia concentration in the source causes the 

shift of intensity anomaly from 師=6 to a small value of
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m = 3. During the course of this study, a large number of 

mass spectra were taken at a varity of stagnation pressure, 

mixing ratio, and ionization conditions. The results generally 

아low the intensity anomalies at or (C2HD2-

(NH3)J. This finding suggests that they stem originally from 

an intrinsic structural stability of the heteroclusters. The 

enhanced stability of (C2H4)2(NH3)6 ion can be pictured as 

a situation in which the central (GHQH ion partially shares 

its charge with six surrounding NH3 molecules through the 

six H atoms in the central (C2Hi)2 ion. The skewed parallel 

structure has been suggested for the neutral ethylene 

dimer16 from a theoretical study. This is hardly supported 

for the ethylene dimer ion by our experimental observation 

as well as a structural energy minimization by a molecular 

modeling software, MM2. The calculations reveal that the 

T-shaped structure is more favorable than the parallel one 

with a small energy difference. Although this simple picture 

requires an extensive computation to draw solid conclusion, 

it is qualitatively consistent both with the available structural 

information and with the experimental observation. As a lo

gical extension, we suggest that the stability of 言
is due to six ammonia molecules equivlently solv가ing the 

T-shaped ethylene dimer ion.

The structural stability of (C2H4)2(NH3)J ion at high conce

ntration of ammonia solvent can be interpreted as follows: 

when neutral heteroclusters are vertically excited through 

electron bombardment process, an internally excited inter

mediate complex (C4H8+)*  is generated11,20 by reaction (4). 

If the excess energy could be accommodated rapidly

GH4+ + C2H4 ―> (C4H8+)*  (4)

enough to compete with the other channel the (C4H8+)*  ion 

might rearrange to form a sta비e isomer l-C4Ht (1 —butene), 

where the available hydrogen-bonding site will be three. This 

process can be expressed by the structure I.

/ . + \ ch2-chch2ch3 
! 

+ • 
CH2-CHCH2CIl3 

\ /

STRUCTURE I

Previous investigations11,21 have shown that the rearrange

ment of the positive charge and the remaining electron from 

the p orbital leads very probably to a 1-butene ion structure, 

EH3C-CH2-CH-CH2]+. It is also noted that the contributions 

which appear at 39 amu (C3H3+) and 53 amu (C4H5*)  are 

typical fragments of 1-butene parent ion.22 The present resu

lts indicate that the pathways leading to the formation of 

stable I-C4H8 structure are facile in a heterocluster system 

where ethylene cluster ions are solvated in polar solvent 

molecules such as ammonia.

The variation of ion intensities with EC2H4ZI/ENH3] mixing 

ratios presented in Figure 4 may also be rationalized on 

the ground that as ammonia concentration increases, the 

evaporative processes following ionization may not be as ef

ficient as stabilizing the intermediate ion due to the sticky 

van der Waals bonding of the polar solvent molecules. It 

might also be expected that this less efficient stabilization 

may lead to the production of more C4H音 and C6Ht2 ions 

with sufficient excess energy to rearrange into the stable 

ions hence the increased prominence of the ions at (C2HD2 

(NH3)J and (CzHQ^NHQ*.  In a different set of experiments, 

we have also measured the (CzHMJNHQ； (m^4) ion intensi

ties as a function of m. Certainly, there is no clear intensity 

anomaly, i.e., monotonic decrease, in the ion distribution, in

dicating that ethylene tetramer and higher cluster ions do 

not definitely afford the rearrangements to the corresponding 

stable ion structures. As the size of the loose cluster ion 

increases, the interactions between moieties of the cluster 

ion should be less effective.

In conclusion, it becomes increasingly important that the 

study of intensity anomalies in heterocluster ions reveals 

the presence of enhanced stable structures. The present re

sults provide direct evidence for the formation of stable ionic 

structures at particular cluster sizes under the presence of 

polar solvent molecules. The appearance of such cluster ions 

is discussed in terms of the intracluster ion-molecular rear

rangement: an important process of intracluster energy re

distribution which determines the stabilities and energetics 

of various van der Waals cluster ions.
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Total Synthesis of Sodium (3R, 4S)-3*[2-(2-Aminothiazol-4-yl)-(Z)-2-  
methoxyiminoacetamido]-4-methoxymethyl-2>azetidinone*

1 *sulfonate  from L-Aspartic Acid

Bong Young Chung*,  Cha Soo Nah, Jin Yeon Kim, Hakjune Rhee, and Young Chui Cha

Department of Chemistry, Korea University, Seoul 136-701. Received January 27, 1992

A new monocyclic P -lactam analogue, sodium (3R, 4S)-3-[2-(2-aminothiazoI4-yl)-(2)-2-methoxyiminoacetamido]-4-me- 

thoxymethyl-2-azetidinone-l-sulfonate (3) was synthesized from L-aspartic acid. Starting from L-aspartic acid, (S)-l- 

benzyl-4-benzyloxycarbonyl-2-azetidinone (7) was synthesized in four steps by following the established procedures 

and converted into (3R, 4S)-3-amino-l-/-butyldimethylsilyl-4-methoxymethyl-2-azetidinone (13) in six steps. Acylation 

of the amino group of 13 with 2-amino-a-(methoxyimino)-4-thiazoleacetic acid, desilylation, and sulfonation with sulfur 

trioxide-pyridine complex followed by ion exchange afforded sodium (3R, 4S)-3-[2-(2-aminothiazol-4-yl)-(Z)-2-methoxy- 

iminoacetamido]-4-methoxymethyl-2-azetidinone-l-sulfonate (3). Antibacterial activities of this p-lactam compound 3 

were, however, found to be quite low compared to cefotaxime.

Introduction

Since the discovery of penicillins in 19291 and cephalos- 

phorins in 19492, numerous classical p-lactam compounds 

have been introduced as antibiotics. After 1976, however, 

new types of P-lactam compounds, so-called nonclassical P- 

lactams, have been isolated from the natural sources. These 

are carbapenems,3 clavulanic acids/ nocardicins,5 and mono- 

bactams.6 Of these, nocardicins contain characteristic oximino 

group and monobactams N-sulfonate functionality, which are 

very rare in nature.

Recently, new monocyclic p-lactam antibiotics such as azt- 

reonam (I)7 and carumonam (2)8 which have characteristic 

structural features of nocardicins and monobactams, have 

been introduced. These new antibiotics are known to have 

strong antibacterial activities against gram-negative and posi

tive bacteria, and high stability to P-lactamase.

In connection with our ongoing research on the p-lactam 

chemistry, we now wish to report the total synthesis and 

antibacteri기 activities of sodium (3R, 4S)-3-E2-(2-aminothia- 

zol-4-yl)-(Z)-2-methoxyiminoacetamido]-4-methoxymethyl-2- 

azetidinone-l-sulfonate (3), a monocyclic P-lactam analogue 

structurally related to aztreonam and carumonam.

Results and Discussion

The (3R, 4S)-configuration of the title compound 3 can 

be derived from naturally occurring L-aspartic acid. We have 

already reported9 that the alcoholysis of L-aspartic anhydride 

hydrohalides produces a-esters regios이ectiv이y. Thus, treat

ment of L-aspartic acid with phosphorus trichloride afforded 

L-aspartic anhydride hydrochloride (4) and alcoholysis of this 

salt with benzyl alcohol produced a-benzyl L-aspartate (5) 
in high yield. N-Benzylation of the compound 5 with benzyl 

bromide and cyclization of the resulting a-benzyl N-benzyl- 

L-aspartate (6) with O-ethyl phosphorodichloridate10 and tri

ethylamine in acetonitrile (0.01 M) at room temperature af

forded (S)-l-benzyl-4-benzyltxycarbonyl-2-azetidinone (7) in 

95% yield. The formation of the P-lactam 7 was confirmed 

by the lactam carbonyl absorption band appeared at v—1750 

cm-1 in its IR spectrum. Reduction of the benzyloxy carbonyl 

group with excess sodium borohydride and methylation of 

the resulting hydroxymethyl group with methyl iodide in 

the presence of silver oxide produced (S)-l-benzyl-4-me- 

thoxymethyl-2-azetidinone (9) in 60% overall yi이d (see


