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cation of Fourier transform techniques to N M R spectrome­
try has made the direct observation of silicon-29 spectra— 
at the 4.7% natural abundance of the isotope—practicable. 
Since no values of spin-lattice relaxation times have been 
reported for perhalosilanes, and Ti can be quite long for or-
ganosilanes not containing hydrogen directly bonded to sili­
con,22 we felt it advisable to include the shiftless paramag­
netic "relaxation reagent" tris(acetylacetonato)chromium-
(III)2 3 in our N M R samples. 

The 29Si N M R spectrum24 of a CDCl3 solution of the 
photolytically generated crystals along with added 
Cr(acac)3 is displayed in Figure 1. The spectrum consists of 
two single lines at chemical shifts (relative to external 
TMS) of 3.7 and -80 .0 ppm, respectively.25 The relative 
integrated intensities of the two lines, averaged over several 
spectra, is very close to 4.0 to 1, with the more intense line 
appearing at lower field. Crystals of SisCln were also pre­
pared as described in ref 17 and silicon spectra taken under 
conditions closely approximating those for the photolytical­
ly generated crystals. The main spectral features in the two 
sets of spectra are, within instrumental limits of resolution, 
identical. We must conclude that the pentasilane common 
to both systems does in fact possess the neo structure, Si-
(SiCb)4 . 

Two mechanistic pathways to the observed series of per-
chloropolysilanes produced by the SiCl3H photolysis seem 
plausible to us. The first involves disproportionation of 
SiCl3 radicals on recombination and the subsequent inter-
mediacy of SiC^.2 6 An alternative mechanism involves fac­
ile chlorine atom abstraction from silanes by various silyl 
radicals, with the polysilane products resulting from radical 
recombinations. We have at present no direct evidence in 
support of either mechanism; however, the abstraction route 
is consistent with our preliminary observation that mercury-
sensitized cophotolysis of SiF3H and SiCU generates 
SiF3Cl (SiCl4 itself is unaffected by Hg(3P) under the con­
ditions employed). Further work related to mechanistic 
pathways and additional silicon N M R studies on perchloro-
polysilanes is in progress. 

Acknowledgment. Two of us (K.G.S. and P.A.S.) grate­
fully acknowledge the donors of the Petroleum Research 
Fund, administered by the American Chemical Society, for 
support of this work, and the pioneering contribution of W. 
C. Ishii. 

References and Notes 

(1) R. J. H. Voorhoeve, "Organohalosilanes. Precursors to Silicones", Else­
vier, New York, N.Y., 1967, p 23. 

(2) R. N. Meals in "Hydrosilation in the Synthesis of Organosilanes", Spe­
cial Lectures presented at the International Symposium on Organosili-
con Chemistry at Prague, Butterworth, London, 1966, p 141. 

(3) A. D. Petrov, V. F. Mironov, V. A. Ponomarenko, and E. A. Chemyshev, 
"Synthesis of Organosilicon Monomers," Consultants Bureau, New 
York, N.Y., 1964, p 22. 

(4) V. Bazant, V. Chavalovsky, and J. Rathousky, "Organosilicon Com­
pounds", Vol. 1, Academic Press, New York, N.Y., 1965, p 139. 

(5) J. A. Kerr, D. H. Slater, and J. C. Young, J. Chem. Soc A, 104 (1966). 
(6) J. A. Kerr, A. Stephens, and J. C. Young, Int. J. Chem. Kinet, 1, 371 

(1969). 
(7) T. N. Bell and B. B. Johnson, Aust. J. Chem., 20, 1545 (1967). 
(8) M. A. Nay, G. N. C. Woodall, O. P. Strausz, and H. E. Gunning, J. Am. 

Chem.Soc.,87, 179(1965). 
(9) D. Reedy and G. Urry, lnorg. Chem., 6, 2117 (1967). 

(10). D. Atton, S. A. Bone, and I. M. T. Davidson, J. Organomet. Chem., 39, 
C47(1972). 

(11) K. A. Hertwig and E. Wiberg, Z. Naturforsch., Teil B, 6, 336 (1951). 
(12) E. G. Rochow and R. Didtschenko, J. Am. Chem. Soc, 74, 5545 (1952). 
(13) A. Kaczmarczyk and G. Urry, J. lnorg. Nucl. Chem., 26, 415 (1964). 
(14) G. Martin, J. Chem. Soc, 105, 2836 (1914). 
(15) W. C. Schumb and E. L. Gamble, lnorg. Synth., 1, 42 (1939). 
(16) H. Kautsky and H. Kautsky, Chem. Ber., 89, 571 (1956). 
(17) A. Kaczmarczyk, M. Millard, J. W. Nuss, and G. Urry, J. lnorg. Nucl. 

Chem., 26, 421 (1964). 
(18) G. Urry, J. lnorg. Nucl. Chem., 26, 409 (1964). 
(19) G. Urry, Ace Chem. Res., 3, 306 (1970). 
(20) J. W. Nuss and G. Urry, J. lnorg. Nucl. Chem., 26, 435 (1964). 

(21) The recent crystal structure of a presumably closely related system, 
Si5CIi2-SiCU, reveals the Si5CI12 unit to be neopentyl. D. K. Fleming, 
Acta Crystallogr., Sect. B, 28, 1233 (1972). 

(22) G. C. Levy, J. D. Cargioli, P. C. Juliano, and T. D. Mitchell, J. Am. Chem. 
Soc, 95, 3445(1973). 

(23) G. C. Levy and R. A. Komoroski, J. Am. Chem. Soc, 96, 678 (1974). 
(24) 29Si spectra were run on JEOL Models FT-1A and FT-1M in 5 mm o.d. 

tubes at ambient temperature. Additional spectral parameters are given 
in conjunction with the figure. 

(25) These values follow the convention that positive shifts correspond to 
resonances at lower field than the standard. 

(26) The work of P. L. Timms {lnorg. Chem., 7, 387 (1968)) demonstrates 
the ability of SiCI2 to insert into Si-Cl bonds at "ordinary temperatures". 

Kenneth G. Sharp,* Paul A. Sutor 
Department of Chemistry, University of Southern California 

Los Angeles, California 90007 

Thomas C. Farrar, K. Ishibitsu 
JEOL, Inc. 

Cranford, New Jersey 07016 
Received May 9, 1975 

Novel Inactivators of Plasma Amine Oxidase 

Sir: 

Studies of the mechanism of action of plasma amine oxi­
dase have indicated that at some stage during the oxidation 
a proton is abstracted from the carbon atom which is oxi­
dized.1 We have reported that propargylamine and 2-chlo-
roallylamine irreversibly inactivate plasma amine oxidase2 

and proposed a mechanism of inactivation which is based on 
the ability of the enzyme to abstract a proton from these in­
activators. An additional approach to the irreversible inacti­
vation of that enzyme was suggested to us by the report that 
esters with sufficiently good leaving groups can undergo 
elimination reactions to form ketenes.3 Generation of a re­
active ketene species at the active site of an enzyme might 
lead to enzyme inactivation, probably by acylation of a 
group on the enzyme. Glycine esters appear to be good can­
didates for this kind of enzyme inactivation. We expected 
that plasma amine oxidase would catalyze the abstraction 
of a proton from the a-position of a glycine ester to form a 
carbanion, which could undergo either the normal oxidative 
process or an elimination reaction (eq 1) to produce an en­
zyme bound ketene. 
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Results obtained with several glycine esters are summa­
rized in Table I. All are good substrates relative to benzyl-
amine. Only the two a-amino esters which have good leav­
ing groups inactivate the enzyme. Ethyl glycinate and the 
/3-amino ester do not inactivate the enzyme. Furthermore, 
"R" is larger for the phenyl than the /7-nitrophenyl ester, 
which implies that as the leaving group becomes better, par­
titioning between inactivation and oxidation favors inacti> 
vation. When phenyl glycinate is added to plasma amine 
oxidase, the rate of oxygen consumption decreases to zero 
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Table I. Kinetic Constants for Substrates and Inactivators 

Substrate 

Benzylamine 
Ethyl glycinate 
Phenyl glycinate" 
p-Nitrophenyl glycinate4b 

Phenyl 3-aminopropionate4>5 

'max 
nm 

min -1 

mg - 1 

140 
150 
270 

90 
30 

KM, M 

1 X 10-3 

5 X 10"6 

1.5 X 10" 
IX 10"s 

1 X 10-4 

aR = (moles O, consumed)/(moles enzyme inactivated). Reaction 
rates were determined by measuring O2 consumption with a Clark 
type electrode. Reactions were carried out (at 23°) in 0.4 ml of 50 
m/W potassium phosphate buffer pH 7.0, except for p-nitrophenyl 
glycinate where 100 mM potassium phosphate buffer pH 6.0 was 
used. Specific activity of enzyme 270-4007 at 23°. 

with time, indicating enzyme inactivation. Further addition 
of substrate at this point results in no additional oxygen 
consumption. Addition of enzyme, however, leads to re­
sumption of oxygen uptake with the same initial rate as that 
observed after the first enzyme addition. Inactivation, 
therefore, is not due to accumulation in solution of a com­
pound enzymically derived from phenyl glycinate. This con­
clusion was confirmed by measuring the kinetics of phenyl 
glycinate inactivation in a separate experiment. The inacti­
vation was found to be first order in enzyme for over four 
half-times. The rate of inactivation by phenyl glycinate is 
decreased competitively by ethyl glycinate (a noninactivat-
ing substrate). "R" (Table I) is independent of phenyl gly­
cinate concentration and is not affected by 2H substitution 
in the a-position.6 These results suggest that oxidation and 
inactivation occur from the same binding site and may have 
one or more chemical steps in common. 

When the enzyme is inactivated with phenyl [l-14C]gly-
cinate,7 and then passed through Sephadex G-25 at 2° to 
remove small molecules, 1.8-2.1 mol of radioactivity are 
bound per mole of enzyme,8 and no enzymic activity is ob­
served. In addition, if the enzyme is inactivated with a mix­
ture of phenyl [l-14C]glycinate and phenyl [2-3H]glyci-
nate,9 one atom of 3H is lost per molecule of phenyl glyci­
nate incorporated. These data probably indicate loss of one 
a-proton upon incorporation rather than a selection against 
the 3H speciies, because there is no such selection in the oxi­
dation of ethyl glycinate.6 

By a process similar to that shown in eq 1, abstraction of 
a proton adjacent to a cyano group (instead of an ester 
group) could lead to the formation of a ketenimine, which is 
also expected to be a reactive species. Therefore, the effect 
of 2-aminoacetonitrile, NH2CH2CN, upon the enzyme was 
also investigated. The compound showed no substrate activ­
ity, but was an effective inhibitor. At 2.5 X 10 - 5 M, t\ji for 
inactivation was 0.8 min. In other respects, the inactivation 
resembled that of phenyl glycinate. Experiments with [1-
l4C]aminoacetonitrile10 showed that the enzyme became 
covalently labeled." The rate of inactivation was decreased 
in the presence of substrates. Aminoacetonitrile inactivates, 
rabbit plasma amine oxidase in vivo. Since concentrations 
of aminoacetonitrile which completely inactivate the plas­
ma enzyme have no effect on the activity of the mitochon­
drial amine oxidase (a flavoprotein), the compound can be 
used in vivo to study the role of these enzymes in the metab­
olism of amines.12 It is interesting to note that aminoaceto­
nitrile is one of the most effective lathrogenic agents 
known.13 An amine oxidase, believed to be mechanistically 
similar to plasma amine oxidase, is involved in the cross-
linking of collagens. 

The results described show that phenyl glycinate and am­
inoacetonitrile irreversibly inactivate plasma amine oxidase 
by covalent modification of the enzyme. The results are 
consistent with a-proton abstraction followed by elimina­
tion and reprotonation to form ketene-like intermediates, 
but until the process is examined in more detail, other 
mechanisms cannot be ruled out. 
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Total Biogenetic-Type Synthesis of 
(±)-Isopimaradienols and (±)-Araucarol 

Sir: 

Previous nonenzymic di- and triterpenoid terminal epox­
ide1 cyclizations have invariably generated tri-, tetra- and 
pentacyclic systems in which the methyl substituted polyene 
backbone of the starting material is preserved. In a signifi­
cant departure from this pattern, we have now observed 
that the "rearranged", pimaradien-3/3-ol/isopimaradien-3-
/3-ol type (4)2 is produced directly from an all trans 14,15-
oxidogeranylgeranyl ester (1) by means of a specific se­
quence involving appearance of the exocyclic methylene 
bicycle 2, loss of allylic X, and further cyclization (3), an 
overall process closely related to that by which the same 
category of tricycles is believed to be formed enzymically 
from a geranylgeranyl species or terminal epoxide thereof.3 

Timing of the various chemical events {k\:k2:k%) is cru­
cial—starting material 1 and anticipated, unisolated inter­
mediates 2 and 3 are subject to a number of side reactions, 
many of which have been observed in similar systems, and 
all of which must be minimized in order that significant 
amounts of 4 be produced in one reaction vessel. For exam-
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