product isolated (6397) was a mixture of 8-allylguanine
and 8-propenylguanine (4¢). When the sodium salt
of 1¢ was heated in diglyme for 24 hr at 150°, 4¢ was
also produced in 659 yield. The structure of the 4¢
mixture was established by hydrogenation over pal-
ladium on charcoal to 8-propylguanine (4g) (829
yield) and comparison with a sample synthesized
(45%) in a procedure similar to that for 4f but employ-
ing butyryl chloride and 6-hydroxy-2,4,5-triamino-
pyrimidine. Since the rearrangement of 1lc without
added base required a higher temperature (170°, tri-
glyme) and gave a mixture which contained ca. 3097
of 4¢ plus four other products, it is apparent that the
rearrangement is favored by proceeding through
anionic species.

The crotyl case gave results intermediate between
those for allyl and dimethylallyl in ease of rearrange-
ment. The reaction of 2-amino-6-chloropurine (2)
with sodium 2-buten-1-oxide (2 equiv) at 100° in either
2-buten-1-0l or dioxane yielded a mixture of O°(2-
buten-1-yl)guanine (1d) and 8-(2-buten-1-yl)guanine
(4d). The ratio of products was sensitive to the time
of heating (1d:4d = 80:20 (749 vyield) for 5 hr to
10:90 (599 yield) for 48 hr) and the temperature
(0:100 (709 yield) for 5 hr at 150°). The sodium
salt of 1d was converted at 150° in diglyme in 73%
yield” during 5 hr to 4d as the only isolated product.
The arrangement is thus facilitated by methyl groups at
the v position. No allylic inversion products, i.e.,
8-a-methylallylic products, were formed in the re-
arrangement of the crotyl and dimethylallyl com-
pounds.

The sodium salts of both Of-methylguanine and
Of-ethylguanine (1a)® were stable at 162° in diglyme
for 24 hr. The sodium salt of OS-benzylguanine (1e)
was likewise stable under these conditions. The re-
action of 2 with sodium benzyloxide (3 equiv) in benzyl
alcohol at 130° for 5 hr followed a different course
from the allyl types in that the product was not the
expected Of-benzylguanine, but N2-benzylguanine (5),
mp 275-276°* The formation of N2-benzylguanine
requires at least 3 equiv of sodium benzyloxide and a
trace of benzaldehyde to be present.’*-2! (O%-Benzyl-
guanine (le), mp 202-203°, prepared from 2 using 2
equiv of sodium benzyloxide with the exclusion of
benzaldehyde, was convertible to N2-benzylguanine
when heated with 2 equiv of sodium benzyloxide and
a trace of benzaldehyde, while N2-benzylguanine was
stable to such treatment.

This study has disclosed an allylic rearrangement
from the O to the C-8 position of guanine that occurs
without overall allylic inversion, is partially controlled
by the degree of methyl substitution on the allylic
group and by the temperature, and proceeds with

(18) R. Shapiro, B. I. Cohen, S.-J. Shivey, and H. Maurer, Biochemis-
try,8,238(1969).

(19) In order to obtain Of-benzylguanine as the product using the
following reference, the 30 g of sodium stated in the procedure should be
changed to 3.0 g: W. A, Bowles, F, H. Schneider, L. R. Lewis, and
R. K. Robins, J. Med, Chem., 6,471 (1963).

(20) The nuechanism of alkylation of aromatic amines by benzyl
alcohol is covered in C. A. Buehler and D. E. Pearson, ‘‘Survey of
Organic Synthesis,” Wiley-Interscience, New York, N. Y., 1970, p 455.

(21) K. J. Andrews, N. Anand, A. R, Todd, and A. Topham, J.
Chem. Soc., 2490 (1949), found that 6-amino-9-methyl-2-methyisuifonyi-
purine with I equiv of sodium benzyloxide gave the expected 6-amino-2-
benzyloxy-9-methylpurine (66 %) and, with 3 equiv, gave the unexpected
6-benzylamino-2-benzyloxy-9-methylpurine (55 %).
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greatest facility through anionic species.
tion of the mechanistic details is in progress.

Investiga-
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Photoelectron Spectrum of HBS
Sir:

Molecular photoelectron spectroscopy provides in-
formation on the electronic structures of ions and mole-
cules.! Intercomparison of a series of isoelectronic
species enhances the general usefulness of photoelectron
spectra and facilitates their interpretation. However,
many interesting members of such series are unstable or
reactive and require specialized conditions for observa-
tion. Here we report the spectrum of one such species,
the HBS molecule. HBS is a linear triatomic molecule
with ten valence electrons.?

The 127° sector photoelectron spectrometer with
electron retardation used in this work has been de-
scribed previously.? By reducing the length of the
analyzer entrance slit to 1 cm and by placing a grounded
1 X 4 mm slit between the ionization chamber slit and
the analyzer entrance slit, the resolution was improved
and the scattered electron intensity reduced. The reso-
lution and sensitivity deteriorated somewhat in the
presence of HBS although both could be restored by
cleaning the ionization chamber. The spectra reported
here were obtained with a resolution of ca. 40 meV for
argon (FWHM) during the production of HBS.

HBS was continuously prepared by flowing H.S
(Matheson) over pure boron (Koch-Light) in an 8-mm
i.d. quartz tube heated to a temperature ranging be-
tween 1100 and 1150° as described by Kirk and Timms. *
The effiux of the reactor was admitted directly to the
collision chamber of the spectrometer via a 1-cm length
of 1-mm i.d. tubing. The pressure in the reactor was
estimated to be 0.1 Torr while that in the analyzer was
less than 5 X 1072 Torr. Calibration was carried out
using Ar, H,, and H,S as internal standards.

Typical photoelectron spectra observed as a function
of boron temperature are illustrated in Figure 1. At
the higher temperature the production of hydrogen is
evidenced by the band beginning at 15.42 eV. In ad-
dition, at least two new bands appear. These bands
increase with increasing boron temperature and depend
on the H.S mass flow. The ratio of the intensities of
the two new bands at lowest ionization potential is in-
dependent of temperature and mole fraction of H.S.
As it has been shown previously that HBS and H, are
the major constituents of the reactor effiux, ¢ we assign

(1) D. W. Turner, C, Baker, A, D. Baker, and C. R, Brundle, ‘“Mo-
lecular Photoelectron Spectroscopy,” Wiley-Interscience, New York,
N.Y, 1970,

(2) E. F. Pearson and R. V. McCormick, J. Chem. Phys., 58, 1619
(1973).

(3) S. Evans, A. F, Orchard, and D. W, Turner, Int. J. Mass Spectrom,
ITon Phys., 7, 261 (1971).

(4) R. W. Kirk and P. L. Timms, Chem. Commun., 18 (1967)
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Figure 1. Photoelectron spectra of H:S + B(s) as a function of
boron temperature with Ar as calibration gas: A, T = 670°;
B, T =~ 1150°.

these new bands to the HBS molecule. This interpre-
tation is supported by the simple and sharp nature of
the bands themselves. The ionization potentials and
observed vibrational frequencies are listed in Table 1.

Table I. Ionization Potentials of HBS and Vibrational
Frequencies Excited in the Electronic States of HBS*
Photo-
electron Adiabatic Vibrational frequencies, cm™!
band IP, eV vi® veb vyt
First 11.12 990
Second 13.57 1090
Thirdd 15.86(?) 2200 (?)
Fourth? 17.9(?)

2 BH stretching mode.
¢ Jdentity uncertain.

? Bending mode. ¢ BS stretching mode.

The shape of the first photoelectron band indicates
that ionization involves the removal of an electron
from a bonding or antibonding orbital. If it is the
former the observed vibrational frequency in this ionic
state along with a previous correlation between change
in vibrational frequency produced upon ionization and
the difference between adiabatic and vertical ionization
energies® suggests that the vibrational frequency in the
molecule should be about 1100 cm~—!. For comparison
v (B-H stretching mode) has recently been measured as
2735.80 cm—1¢ for H!'B*2S, and an estimate of 680
cm~! for »; (bending mode) is available.? In the iso-

(5) D. W, Turner, Phil. Trans. Roy. Soc. London, Ser. A, 268, 7 (1970).
(6) R. Sams and A. Maki, Abstracts, Molecular Spectroscopy Sym-
posium, June 1973, No. W6; A, Maki, private communication,

electronic molecule HCP,” v, (CP stretching mode) =
1278 cm~* and »; has been calculated to be about 1200
cm~'in HBS.® Itisclear then that the vibrational mode
excited in this state of the ion is the BS stretching fre-
quency. Finally, the vibrational bands of this state
have larger width (full width at half mean height
(fwhm) = 90 meV) than do those for the first ionic state
of H,S (fwhm = 60 meV) or the second ionic state of
HBS (fwhm = 60 meV). The observed peak width sug-
gests a splitting of ca. 300 cm—* which we attribute to
spin-orbit coupling. It is 440 cm~—! in the 2=, state of
CS.* for almost 1009 S localization. Thus this band
corresponds to ionization from the = molecular orbital
of HBS which is partially localized on sulfur.

In the second band, the relative intensity of the (0,
0, 0) component suggests ionization from a nonbonding
molecular orbital. The fine structure lines indicate
either two vibrational modes are excited with fre-
quencies of 1110 and 2140 cm~! or a single mode with
a frequency of 1090 cm~!. In either case it is clear
that the lower frequency relates to the BS stretching
vibration, v; and here should have a value close to
that in the molecule. Comparison with the value of
this frequency estimated from the first photoelectron
band of HBS supports the conclusion that the first
band involves the removal of a bonding electron.
Although the relative intensities of the fine structure
lines would suggest the excitation of two modes, the
frequency of 2140 c¢m~! is not compatible with the
nonbonding character of the orbital and the observed
BH stretching frequency in the molecule. Thus, the
second fine structure line is attributed to 2»;. This
band, then, corresponds to ionization from a nearly
nonbonding ¢ molecular orbital of HBS.

There is also evidence for two additional bands at
higher ionization potential. The third band listed in
Table I is badly overlapped by the spectrum of Ha.
The two unambiguous lines present are reproducible
and may well be due to HBS. The fourth band con-
sists of a single line of low intensity and cannot be
definitely attributed to HBS.

It is of interest to briefly compare the partial spectrum
of HBS with those of two isoelectronic species. The
first two bands in the spectrum of CS are remarkably
similar to those of HBS, in both energy and Franck-
Condon envelope except that the order of ¢ and 7 or-
bitals is reversed.! In CS the first band at 11.33 eV
results from ionization from a nonbonding ¢ orbital,
while the second at 12,79 eV results from ionization
from a bonding = orbital. On the other hand, the
highest = and ¢ orbital of HCN appear to be of nearly
the same energy.! Both HBS and CS can be related to
HCP by the movement of one nuclear charge unit, CS
by its transfer from the terminal position into the P
nucleus, and HBS by its transfer from C to P. In the
first-row compounds (CO, HCN, HBO) the CO-HCN
difference is mainly one of reduced = orbital ionization
energy. The HBO-HCN difference is unknown; how-
ever, by reference to the methyl derivatives of HCN
where the 7 ionization is hardly affected, the difference
may be expected to be mainly in reduced ¢ ionization
energy. Thus we might expect HCP to behave in sim-

(7) J. W. C. Johns, H. F. Shurvell, and J. K. Tyler, Can. J. Phys.,
47, 893 (1969).

(8) N. Jonathan, A, Morris, M. Okuda, D. J. Smith, and K. J. Ross,
Chem., Phys. Lett., 13, 334 (1972).
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ilar fashion having nearly the same ¢ and  ionization
energies near 11.2 eV.
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Comparison of Photochemical and Temperature-Jump
Perturbations. The Rate of Interconversion of Planar
and Octahedral Configurations of a Nickel(II) Complex!
Sir:

Pulsed neodymium lasers are finding increasing
application in the study of fast chemical reactions.
One such application is the temperature-jump tech-
nique in which the laser is used to raise the temperature
of a solution containing the system of interest by several
degrees within a very short time; this is conveniently
accomplished by using a laser wavelength that is ab-
sorbed strongly by the solvent, but not the solutes.”~*
In a less common application, the laser is used to
rapidly photochemically dissociate a reactant or convert
it into a product of the reaction; in this case, the laser
frequency is chosen so that solvent absorption is at a
minimum but solute absorbance is high.>® Following
these perturbations, the rate of adjustment of the system
to its new equilibrium position (relaxation rate) is
followed. This rate provides information about the
kinetics obtaining in the system. We wish to report the
results of a rather novel kinetic study in which a neo-
dymium laser was used to produce predominantly either
temperature increases or concentration jumps in the
same equilibrium system depending upon whether the
wavelength of the laser radiation was 1.06 or 1.41 u
and the solvent H.O or D;O. In each case the subse-
quent relaxation of the system was followed spectro-
photometrically.

The system chosen for study is the nickel(II) complex
of the quadridentate ligand NHy(CH,)NH(CH.);NH-
(CH):NH, (N,N’-bis(2-aminoethyl)-1,3-propanedi-
amine).” The nickel complex exists as an equilibrium
mixture of low-spin planar (*A;) and high-spin octa-

(1) Research performed under the auspices of the U. S. Atomic
Energy Commission.

(2) 1. V. Beitz, G. W. Flynn, D. H. Turner, and N. Sutin, J. Amer.
Chem. Soc., 92,4130 (1970).

(3) D. H. Turner, G. W. Flynn, N. Sutin, and J. V. Beitz, J. Amer.
Chem, Soc., 94, 1554 (1972).

(4) 1. K, Beattie, N. Sutin, D. H. Turner, and G. W. Flynn, J. Amer.
Chem. Soc., 95,2052 (1973).

(5) K. I.lvin, R. Jamison, and J. I, McGarvey, J. Amer. Chem, Soc.,
94, 1763 (1972).
(15? D. M. Goodall and R, C. Greenhow, Chem. Phys. Leit., 9, 583

1).

(7) B. Bosnich, R, D. Gillard, E, D. McKenzie, and G. A. Webb,

J. Chem. Soc. A4, 1331 (1966).
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(a)

Figure 1. Absorbance at 440 nm asa function of time for solutions
of NiLCl; (L = NHy(CH,),NH(CH)sNH(CH:)»NH>), with initial
temperature 23°. The initial light intensity level was one major
division above the bottom of the photograph, and the absorbance
increases along the vertical axis. (a)1.06 p radiation, solvent H0,
initial 440 nm absorbance is 0.32 ((Ni(ID)] = 0.38 M, pathlength 0.08
cm), horizontal scale 0.2 usec per major division, vertical scale 27
absorbance change per major division; (b) 1.06 radiation, solvent
D.0, initial 440 nm absorbance is 0.21 ((N¥ID] = 0.13 M, path-
length 0.16 ¢cm), horizontal scale 0.2 usec per major division, ver-
tical scale 3% absorbance change per major division; (c) 1.41 g
radiation, solvent H,O, initial 440 nm absorbance is 0.32 ([Ni(IT)] =
0.38 M, pathlength 0.08 cm), horizontal scale 0.1 usec per major
division, vertical scale 297 absorbance change per major division;
(d) 1.41 u radiation, solvent D;O, initial 440 nm absorbance is
0.32 (INi(II)] = 0.38 M, pathlength 0.08 cm), horizontal scale 0.2
usec per major division, vertical scale 0.6 absorbance change per
major division.

hedral (*A.,) forms in aqueous solution at room temper-
ature.”

NiL2* 4+ 2H,0 === NiL(H:0):** (1

This reaction was previously found to be too rapid for
study by conventional temperature jump techniques.’
The system’s relaxation times were, however, obtained
in a study employing the neodymium laser radiation
(1.06 w) to rapidly perturb the above equilibrium by
electronic excitation of the octahedral nickel complex
(&1.06 » ~2.0 M~? cm—1).5 Following this perturba-
tion, the return of the system to equilibrium was mon-
itored by the absorbance decrease at 440 nm (an ab-
sorbance maximum for the planar complex). We
have repeated these measurements on solutions 0.1-0.4
M in the chloride salt (both in H.O and D,O) using
cells with path lengths of 0.08 and 0.16 cm. A typical
relaxation is shown in Figure 1(a). It should be noted
that there is a very rapid increase in the absorbance at
440 nm (rise time 30 nsec, the laser pulse width). This
is followed by a slower absorbance decrease. The re-
laxation time for this decrease is 0.30 = 0.02 usec at 23°
and independent of the concentration of the nickel
complex, in accord with the previously reported re-
sults.? Also noteworthy is the observation that the
“infinite time” absorbance is greater than the initial ab-
sorbance. This is due to a small displacement of the
equilibrium resulting from the heating of the system.
This effect is smaller, but not absent, in D.O (Figure
1(b)). The temperature increase of the DO solution is
primarily caused by the heat stemming from the non-
radiative decay of the nickel excited state.

The interpretation of the observed relaxation de-

(8) R. G, Wilkins, R, Yelin, D. W. Margerum, and D. C. Weather-
burn, J. Amer, Chem. Soc., 91,4326 (1969).
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