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a-Hydroxynitrosamines: Transportable Metabolites
of Dialkylnitrosamines
Sir:

We report herein evidence demonstrating that a-hydroxy-
nitrosamines (1), the proposed critical metabolites in dialk-
ylnitrosamine carcinogenesis,! (a) decompose via an alkyldi-
azotic acid (2), as previously postulated;! and (b) may be the
“transportable’” metabolic forms? responsible for alkylation
of nuclear DNA upon in vivo administration of nitrosamines.?
The instability of 1 has to date prevented their isolation and
spectroscopic characterization; however, they can be studied
by in situ preparation via the alkaline- or enzyme-catalyzed

hydrolyses of the corresponding a-acetoxynitrosamine
(3).24

RN(NO)CH,0OH RN=NOH RN(NO)CH,0Ac
1 2 3
RN(NO)CO,Et RNHCO,Et

4 5
a, R = PhCH(CHs)
b, R = CH,—CHCHj,
¢, R = CH;CH,
d, R = PhCH,

To elucidate the decomposition pathway of 1, /-(—)-ace-
toxymethyl(1-phenylethyl)nitrosamine (3a)® was prepared
by the method of Saavedra,* and the stereochemical outcome
of its alkaline (pH 8.5) and esterase hydrolyses was studied.
These results were compared with the alkaline (pH 8.5) hy-
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Table I. Hydrolysis of 3a and 4a

reaction L, a®p (temp, % net<-9
compd  conditions® h °C)® inversion
3a ph7.0 41
4a pH 7.0 13
3a pH7 + 0.25 +13.60 (25)/ 31.21
esterase®
3a pH 8.5 8.3 +12.75 (25)¢ 29.27
4a pH 8.5 5.0 +12.50 (24)* 28.6/

@ All reactions were carried out at 37 °C in 0.05 M phosphate
buffer, at ~2 mM concentration of nitroso compounds. # Reaction
product [-phenylethanol was diluted with pure racemic alcohol to
obtain optical measurements. ¢ Initial |-phenylethylamine used in
syntheses has ap (26 °C) of ~38.95°, 99% optically pure. 4 Optically
pure I-phenylethanol has ap (25 °C) of +43.70°: Burwell, Jr.,R. L.;
Shields, A. D.; Hart, H. J. Am. Chem. Soc. 1954, 76, 908-909.
Control experiments show that the |-phenylethanol is stereochemically
stable to reaction conditions. ¢ Hog liver esterase concentration = 2.53
X 107 M, molar ratio of 3a:esterase, 4400. / Dilution factor, 4.75.
¢ Dilution factor, 5.30. # Dilution factor, 5.43. ' Yield of alcohol, 80%.
J Yield of alcohol, 90%.

Table I1. Inhibition of Hog Liver Esterase Activity

mole ratio of %
compd® compd:esterase® inhibition¢
3a 10:1 0
4a 11:1 95
10:1 904-¢
6:1 64
31 48
1:1 30
4b 10:1 514
4c 10:1 284
4d 10:1 1004
4a + 5d 10:10:1 52/.2
5a 10:1 80/
5b 10:1 79/
5d 10:1 88/

@ Note 5. & Mole ratios are based on enzyme molecular weight of
164 000: Krisch, K. Enzymes 1971, 5, 43-69. Esterase concentration,
9 X 1076 M. ¢ N-Acetyl-L-tyrosine ethyl ester assay method: Birk,
Y. Methods Enzymol. 1976, 45, 716-718. Phosphate buffer of pH 7.0
(0.05 M) was used. 4 After extensive dialysis against pH 7.0 (0.05
M) phosphate buffer, the esterase activity remained inhibited to the
same extent. ¢ Control experiments were carried out to demonstrate
that the product(s) of reaction were not responsible for the observed
inhibition. / Control experiments with the unnitrosated carbamates
showed that these compounds all reversibly inhibit the esterase at a
Ievel of ~80%. This inhibition, which is readily removed by dialysis,
is attributed to formation of a carbamyl-enzyme (ENZ-OH —
ENZ-OCONHR) which is slowly hydrolyzed back to free enzyme:
Erlanger, B. F.; Cohen, W., J. Am. Chem. Soc. 1963, 85, 348-349.
¢ Conditions: preincubation with 8d for 2 h (footnote f) followed by
incubation with 4a for 2 h, followed by extensive dialysis.

drolysis of /-(—)-ethyl N-(1-phenylethyl)nitrosocarbamate
(4a), a compound, which under basic conditions reacts via 2a.%
The results shown in Table | demonstrate that the optical pu-
rity of the product, 1-phenylethanol, is virtually identical in
all three hydrolyses.” Thus 2a is an intermediate in the hy-
drolysis of 1a, as expected.!

The results of the enzymatic hydrolysis of 3a also indicate
that the collapse of 1a to 2a occurs away from the enzymic
environment. If the collapse takes place within the enzyme’s
active site we would expect (a) a difference in the stereo-
chemistry of the [-phenylethanol product caused by a change
in the solvation of 2a compared with that in free solution;%’
and (b) the irreversible inhibition of the esterase due to al-
kylation at, or near, the active site.?
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In comparison with 3a, which has no effect on the esterase’s
activity (Table 1), 4a is an efficient suicide-type inhibitor®:10
of the enzyme (Table ). This result is attributed to the direct
hydrolysis of 4a to highly reactive 2a within, and subsequent
binding to, the enzyme's active site.® The irreversible inhibition
of esterase activity effected by 4a is markedly diminished by
preincubation with a reversible inhibitor (5d), demonstrating
involvement of the active site in the inhibition process (Table
11). Incubation of ethyl NV-allylnitrosocarbamate (4b) and ethyl
N-cthylnitrosocarbamate (4¢) with esterase under identical
conditions afforded 51 and 28% irreversible inhibition, re-
spectively. The lower levels of inhibition observed for 4b and
4c (Table I1) are attributed to an increase in the partitioning
of their hydrolysis intermediates, 2b and 2¢, to stable di-
azoalkanes.'!''2 The benzyl analogue (4d) gives 100% inhibi-
tion as anticipated, because of the predominant diversion of
its hydrolysis product 2d to a ““carbonium-ion”-type interme-
diate. We interpret these results to mean that the enzymatically
formed c-hydroxynitrosamine is sufficiently stable to diffuse
away from the site of its formation before further decompo-
sition and, therefore, may be considered a “transportable”
metabolite. Further elaboration of the concept of transportable
metabolites using in vitro experiments is ongoing.
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u-(n®:n5-Biphenyl)-bis{(n°-benzene)chromium] and
Bis[u-(n%:n¢-biphenyl)]-dichromium. Novel Species to
Explore Mixed-Valence Sandwich Complex Chemistry!
Sir:

At present there exists a profound interest in mixed-valence
species in general®> as well as in binuclear mixed-valence
metallocenes in particular.4=? Although a multitude of spec-
troscopic techniques have been applied in the study of the latter
systems, certain controversial points concerning intervalence
transfer in the monocations and the nature of spin-spin in-
teraction in the dications remain.® Since we have recently in-
vestigated the kinetics of electron exchange in solutions con-
taining bis(n-arene)chromium(0) and the corresponding
bis(n-arene)chromium (I*) radical cations,! favoring a
head-on disposition of the exchange partners in the transition
state, we attempted the synthesis of bis[u-(n®n°-biphen-
yl)]-dichromium monocation (11*), where the two-sandwich
complex moieties wolild be fixed in a rigid side-on arrange-
ment. In this communication we report on the preparation of
11 and of u-(n%:n°-biphenyl)-bis{(n®-biphenyl)chromium]

B>

¥

(111).19 Since bis(n-arene)chromium (d®) complexes possess
a nondegenerate 2Aj, ground state,!! yielding well-resolved
ESR spectra in solution as well as in glassy media, it was ex-
pected that proton hyperfine structure would supply infor-
mation pertaining to spin distribution in the monocations I*

and I1* and to spin-spin interaction in the dications I?* and
112+,
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