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Since NDMA was discovered in pharmaceuticals in 2018, oxylamine contains one tertiary amine and could theoretically produce one ot two
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there has been a need for tools that can efficiently ‘ \ o \ / H unigue nitrosamines: N-Nitrosodoxylamine and NDMA. Both have a deactivating feature
predict which compounds are will yield nitrosamines. R R R R HNO R R due to being derived from a tertiary amine (Score = -4). NDMA also has an additional
H,0 L : :
Our goal was to build a (Q)SAR model to predict if (a) an ’ deactivating feature due to having a leaving group larger than ethyl (Score =-4 + -2).
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amine is likely to be nitrosated and (b) what nitrosamines . +
y ( ) NO H H NO NO A Nitrosamine Nitrosation Likelihood il Hale T B ant_:l :
k \ / 1/ Acceptable Intake (Al) Limits
would be produced. We also sought to create a N ~- \ - \
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searchable database of existing nitrosation reaction. R R R R R R*
Secondary Amine HaC
less likely CPCA Al WHO NAP test - pH 3
O . _\_ N;CH3 seore =4 18 or 26.5 ng/day HSC\N_/_D g [1]
Methods \N:O H:sCf
N-Nit doxylami

o Predicting N-Nitrosation of Isoxuprine Exact Mass: 284.15248 Da Doxylamine ”DSDTJ%DWEWE

We constructed two (Q)SAR models, one statistical OH
H w/\ /© 5 Carcinogenicity TDg
O . 0.09 mg/kg/d
and one expert rule-based. The expert rule-based Rule-Based CHa Chie Neural Net - .09 mokg/day
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model consisted of 15 rules, covering both activating oo N 7 negiiivl 1800 me 8 myday N o
OH n /@ : ' | ’ Drug (0.1 mmol) - NaNO2 (4 eq.) AqiEtOH} _N_ 0O
" " _ -1 5. Regulatory Al _N ) HaC N7
and deactivating features. The rule-based system was Sroric Nwﬂo DA N-N?[fo;idgi,methylam... US FDA = 96 ng/day AN SMHCI - 37°C - 1 Hr - Dark - Shake - pH 3-3.5 [2,3]
c : : : hindrance CH3 CHj Exact Mass: 74.04801 Da HC = 96 ng/day Nfgﬁ
built into a nitrosation tool that also included a HO EMA = 96 ng/day
+ Diphenhydramine
database of nearly 700 nitrosation reactions. After the _4 OH H @ Features Used in Nitrosation Score Calculation
. . Other nitrosation O N-Nitrosodoxylamine
model generates the probable nitrosamines, the centers HO CH3 CH3 o . _
Deactivating (-4): Tertiary amine
database is searched for similar parent/nitrosamine =2 Overall Score = -4 (less likely formation) i Drug (10 mM) - NaNO2 (40 mb) 37 °C_ Hqc,LN,}o
. . . . . rlﬁ NDMA HaC/N\/\D 4 Hr - pH 3 - Formulation | [3.4]

pairs using a custom-built fingerprint. NDIA
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Results: Reaction Schemes
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Nitrosamines! Nirosamines) A USer can also load their own reaction
Component Description Scavengers/C Component Description Scavengers/C
atalysts atalysts scheme into the tool to assess it for
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Both statistical and rule-based models, performed very well, however they could be improved with access to more experimental data. The reaction
database has proved to be extremely useful in confirming the predicted nitrosamines and providing alternative mechanisms based on experimental data =2
for similar compounds. Such results are extremely useful in providing a solid backing for the predictions made by the two (Q)SAR models. Additionally, =
4. A. Sakai, T. Inoue, A. Tanimura. (1984). Formation of volatile nitrosamines by drug-nitrite interactions under physiological

the supplementary databases of nitrosation catalysts and scavengers provides an extra layer of information when performing risk assessment of

specific synthetic routes or attempting to synthesize a nitrosamine for further risk analysis, such as the Enhanced Ames Test.

the scheme. That scavenger can reduce

the availability of reactive nitrite.

Deactivating (-2): Tertiary amine, leaving gp larger than ethyl
Deactivating (-4): Tertiary amine
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Overall Score = -6 (negligible formation)

Diphenhydramine

The reaction database searches for both exact matches and for similar analogues based on a fingerprint of the reaction.

The fingerprint not only records the reactant and product, but also which bonds need to be broken or formed to convert

the parent amine into the predicted nitrosamine.

In the case of Doxylamine, only one exact match is found, that being the formation of the larger N-Nitrosodoxylamine.

There are no exact reaction matches for NDMA. However, a similar hit is found, Diphenhydramine, which shares a very

similar environment around the tertiary amine and has some evidence of NDMA formation.

Results: Hexetidine

Nitrosamine Nitrosation Likelihood
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NH; Hexetidine

Exact Mass: 256.22631 Da

o :

Drug (10 mM) - NaNO2 (40 mM) - 37 °C

[1.2]

- 1Hr pH1-4.8 3,51

1-(2-Ethylhexyl)-3-nitroso-4-
methyl-4-[(N-2-ethylhexyl)-N-
nitrosoaminomethyl]-imidazolidine
60%

The database can also find nitrosamines that are produced by mechanisms not covered by the expert rules, such as the

dually-nitrosated Hexetidine. In this case, the expert rules do not account for the opening of rings or the nitrosation of

primary amines, but the database is able to find a reaction that does.
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