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Problem

In the summer of 2018, some batches of the drug valsartan, for which the active
substance was produced by the Chinese company Zhejiang Huahai Pharmaceuticals,
were recalled from the pharmaceutical market. The reason of the recall was the
presence of a dangerous impurity
N-nitrosodimethylamine (NDMA) in the active pharmaceutical substance. NDMA s
highly hepatotoxic and is classified as a proven carcinogen. Its presence in valsartan is
believed to be caused by the changes in the production method of the active substance.

* What do you suppose was the source of N-nitrosodimethylamine in the active
pharmaceutical substance?

* How should the way it is produced be modified to avoid the appearance of this
impurity?

* |s it possible to effectively purify the supplied substance from NDMA?

* If this is possible, suggest an alternative production scheme which excludes the
appearance of N-nitrosodimethylamine in the substance.
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Key Questions

Source of N-nitrosodimethylamine (NDMA) in the active
pharmaceutical substance of valsartan (PSV)

Part Ne1l Part Ne2

Changing the method of synthesis: Purification PSV from NDMA:
v/ not to get an admixture of NDMA v/ methods of purification

¢/ maintain the maximum possible yield of v criteria for the effectiveness of
the target product purification

v/ the development of an alternative ¢/ the minimum allowable content of
acquisition scheme (is not an obligatory NDMA

condition) v/ methods for determining NDMA
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Source of N-nitrosodimethylamine in PSV

* 2017 — UCK O HApyLUeHUN nNaTeHTa no
NPON3BOACTBY JNIeKapCTBEHHbLIX CPeACTB K
KoMnaHusaMm [1], cpeam KoTopbix Obiria Zhejiang
Huahai Pharmaceutical Co., Ltd. (“Zhejiang”),

* 2018 — OT3bIB C pblHKa NeKapcTB, coaepXxaLinx
®CB ot “Zhejiang” , B TOM Yncne no
NMHUUMaTUBE KoMmnaHum [2]

* [1lpymechb nosiBunackb Npu 3aMeHeHunn cnocoba
Npon3BOACTBA:

? CnHTE3 — 3apgayva Nel
? Oyunctka — 3agada Ne2
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Source of NDMA in the PSV

Variation of synthesis of valsartan [3-12]:

1. Sequence of the connection of a biphenyl
fragment:
*CHavana dparmMeHTbl, BKIMo4as

TETPa30nbHbIM PparMeHT, a NOTOM UX
COeIMHEHMNE

*CHa4vana nony4deHune 6udeHnnbHOro
doparMeHTa, a NoToM AOCTPOMUKa
TETPa30s1bHOIo

2.Ways to protect groups

3. Methods of the tetrazole fragment formation:
» +NaN, +Ph_CCl (3awuTa) 80-90%
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XPpOHOorns cobbITUn

 bbINoO
* 13amMeHeHne = cenyac

* BapcanTtaH MMeeT CXOXYH0 CTPYKTYPY C APYrMMmn BellecTBamm
(JllozapTtaH, KaHaecapTaH) - TaM ToXXe ANAEHUNBbHbIN U
TeTpa30orbHble oparMeHThbl



UcTouHUK N-HUTpo3ogmmeTunammHa B PCB

» CuHTe3 BancaptaHa [3]: 1. NBS
Routes A/C Pd-cat. 2 I
KCOs, H20 H,N” ~CO y
20, e Uy 23
9% O 70-90%
B(OH),  suzuki-Miyaura NC oeed
reaction 4a

1. NBS

2. NaOAc/AcOH Route C 1. "BuCOCI,

3. NaOH Et.N

4. Swern oxidation —_—

O 2. NaN,,
"Bu,SnCl
NC 3. NaOH .
Route B 60-85% N-NH
: o valsartan, 1b
’é H Pd-cat. H,N~ "CO,Me
0 :@ ) K,CO,, 100°C NaCNBH,
NG Br 73% NC no yield reported
2b 7b Suzuki-Miyaura
reaction 10
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UcToYHUK N-HUTpo3ogmmetunammHa B PCB

3agada Nel
A A
//N n-Bu,SnCl + NaN, N%N H,O N)\N
r -NaCl \N—I<I/ -3 n-BuH \ /]
A / - Sn(OH) :_N
Sn(n-Bu), 4

pellaema

11
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[Tobo4Hble peakymm

NaN3 + HNO'2 = N-2 + NO + NaOH

CH3-NH-CH; + NO = H3C\N/N\\ o
CHs

n-BusSnCl + NaN; —  #-BusSnN; + Na(l

n-BusSnCl + NaF —  #-BySnF + NaCl

n-BusSnF - + HCO — n-BusSnCl  + HF
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CuHTe3

HA oBpasytoTcs rnaBHbIM 06pasoM B pesyrnibTaTe peakumn HUITPO3MpOoBaHWs. HUTPO3MPYIOLLIMMM areHTaMm ABNAITCSA NPOM3BOAHBIE a30TUCTON KUCoTbl (HONO): XNO, rae X — ranoreH; NO; NO;
OH,’; OR; a TakKe HUTPO3OHMIA-KATUOH [8]. HUTPWT-MOH 1 cBo6oaHas HNO, B KMCTOI Cpeae NpeTepneBaloT NPeBpaLleHns B aKTUBHbIE HUTPO3VPYIOLLME areHTbi:

Mpu HU3KkMX pH BO3MOXXHO 06pa3oBaHMe HUTPO3OHMN-KaTMOHa:

N,O, +3H,S0, > 2NO* + 3HSO, + H,0*

B npucyTtcTBuMm ranoreHBoAopoAHbIX KUCNOT HNO, MOXET 06pa3oBbiBaTh HATPO3WII-ranoreHnapi:
HNO, + HCl > NOC1 +H,0

HuTposmpytoLme areHTbl B nopsake yobiBaHNS CBOEN aKTUBHOCTM MOTYT OblTb pacnofnioXeHbl B paf;:
NO*>H,0ONO* > NOC1 > N,0,

B kayecTtBe HUTPO3NPYyEMbIX COG,D,I/IHeHI/IIZ MOryT BbICTYyNaTb pasfiMiyHblie MOHO-, AN- U NONMMaMWHbI, a TaKKe gpyrue a3otcoaepXallne sellecrsa. BTopquue adMWHbI ABNAKOTCA NPAMbIMU
npegwecTtBeHHnKamm HA. HI/ITpO3VIpOBaHI/Ie pa3nnyHbIMKX areHTaMmmn NponcxoguT B LULMPOKOM TeMNepaTypHOM MHTepBare B BoAe, CMeCaX BOAbl C OpraHM4eCKuMun pactsoputensamu, B
OpraHU4eckmnx pacTBoOpuUTENSX, ra3oBou ase, a Takke HenocpeacTBeHHO B o6bekTax. HUTpo3mpoBaHue BTOPUYHBLIX aMUHOB B NPUCYTCTBUN HEKOTOPLIX anbAaerngos (popmansaernga)
npoTeKaeT B LLENOYHON cpeae.

Copepxatumecs B Bosayxe N,O, 1 N,O, Cnoco6HbI B3aMMOAENCTBOBaBaTL CO BTOPUYHBIMM amMuHamm ¢ o6pasoBaHmem cooteeTcTaytowmnx HA. Bee aT peakumm npotekatoT B LUMPOKOM
nHTepsane pH.

CkopoCTb B3aMMOOEeNCTBUSA BTOPUYHBIX aMVUHOB C HUTPUTaMu B CITabOKMCIIbIX pacTBOpax NponopLmoHanbHa KOHLEHTpaLmn aMuHa v KBagpaTy KOHLEHTpaUMm a3oTUCTON KUCHOThl. KNCNOTHOCTb
cpenpl UrpaeT ABOSKYH0 POSib MPU HUTPO3NPOBaHMU aMUHOB. C OAHON CTOPOHbI, €€ YBENNYEHVE MOBBILAET KOHLEHTPaUMo 6oree CUITbHOro HUTPO3MpPYHOLLEro areHTa NO+, C pYron — CHMKaeT
KOHLIEHTPAaLMI0 aKTUBHOW (HEMPOTOHNPOBaHOW) OPMbl aMMHA U OKa3biBaeT MHIMOUpytoLlee aenctene. Takoe adhhekT B MEHbLUEN CTENEHN NPOSIBNSETCS B Clly4dae criabo0CHOBHbIX aMUHOB,
Korga gake npuv 3HauMTernbHbIX U30bITKax KMCNOTbl YaCTb aMUHA MOXET CyLLIeCTBOBaTb B HENMPOTOHMPOBAHHON (hOPME U Ha HEE AENCTBYET CUITbHBIN HUTPO3UPYHOLWKIA areHT. CKopoCTb
obpasoBaHus HA 13 amMHOB CHMXXaeTCs B cnegyowem psay: MoponnH —> NMPPONMANH —> NUNEPUANH —> AUMETUNAMUH —> ANITUIIAMUH —> OU-H-NPONUNaMNH —> AN-U30-NPONUNaMuH.

BaxkHoe npakTnyeckoe 3Ha4yeHne B XMMU HUTPO3aMMHOB UMEIOT KaTannsaTopbl U MHTIMOUTOPBI peakLMn HUTPO3NPOBaHUS. 10 aKTUBHOCTM YCKOPATL PeakLnio HUTPO3UPOBaHUSA aMUHOB aHWUOHbI
pacnonaratoTcs B psag: SCN™ —>J- —> Br —> C1". Katanu3atopamu peakunm HUTPO3MpOoBaHWs BbICTYNalT Takke kKapboHuncogepxalume coeamHeHns, TMIOMoYeBMHa, Tnornbl. boree cnoxHo
o6CcTONT Aeno ¢ heHonamm 1 gpyrumm ruApoKCUCoeaNHEHNSIMM, KOTOPble B 3aBMCMMOCTU OT CTPOeHus, pH cpedbl 1 ApyrMx hakTopoB CNOCOOHLI OKa3biBaTb HA PeakLumio HUTPO3MPOBAHNS Kak
KaTanutuyeckoe, Tak u HrmbupytoLlee genctene [11]. B onpegeneHHbIX yCroBraxX peakumio HUTPO3UPOBaHUS YCKOPSIIOT MMPOKATEXMH N TMAPOXMHOH. VX HUTPO3upoBaHMe Marno BepOSTHO, Tak
Kak OHU Bonee CKNOHHbI B 3TUX YCNOBUSAX 06pa3oBbiBaTb COOTBETCTBYOLLME BEH3OXUHOHLI. [Ipyrne coeguHeHus, coagepkallume rmgpokcu-rpynny, Hanpyumep, ransosas 1 XroporeHoBas KUCMOoTh,
Kamdpepon, KBepLETUH, Takke MOryT yckopsaTbe obpasoBaHue HA. CnocobHOCTb YCKOPATb peakumn HUTPO3NPOBaHMWS BbiSIBIIEHa Y HEKOTOPLIX HenpeaenbHblX coeanHeHni, NAB, koHbloratos
XEn4HbIX KNCMOT, a Takke HEKOTOPbIX MUKPOOPraHU3MoB [8].

CnefyeT oTMETUTD, YTO 3aMe/rieHre peakLy HATPO3MPOBaHMS MPOUCXOONT Npu NoHMKeHUW pH B peaynbtaTe npeBpalleHs aMMHOB B ManoakTUBHbIE NPOTOHUPOBaHHbIe hopMbl. C apyroi
CTOPOHBbI, peaKkLmst MOXeT OblTb MHIMGUPOBaHa NyTeM NpeBpaLLeHNs HUTPO3UPYIOLLMX areHTOB B ManoakTMBHYIO OKUCh a3oTa. B 3ToM OTHoLLeHUM BecbMa akTMBHa ackopbrHoBasi KUcnoTa u ee
npousBoaHble [12] B lIMpOKOM UHTepBane pH. OgHako aeiicTene ackopGUHOBOW KUCMOTbI OrpaHUYeHo ToMNbKo rmapodunbHol cpeaoii. B ruapodobHbIX cpefax pekoMeHayeTcst UCNorb3oBaTh
ToKodbeporbl U Apyrue nonudeHonb [13].

[1ByoKuCb cepbl 1 BUCYTNbDOUT-MOH, TMOPOKCUITAMUH, Pa3fMyHble rMapasuHbl, a3ug HaTpUsi U HEKOTopbIe ApYrie BOCCTAaHOBUTENM BOCCTaHaBIMBAIOT HUTPO3MPYIOLLIME areHTbl B OKUCh MIN 3aKUCb
asoTa. HekoTophble cnnpTbl (3TaHOM, STUMEHITIMKOIL), YINeBoabl (IoKo3a, caxapo3a) U Apyrme CoedMHEHWs, coaepKallme rmapoKCUIbHY rpynny, MHIMGupytoT obpasoeaHue HA, npeBpaliasicb
B COOTBETCTBYIOLLME aNKUMHUTPUTLI [8]. MoYeBMHa 1 cynbthaMUHOBas KUCIOTa TakKe Ae3aKTUBUPYIOT HATPO3UpYyoLwne areHTbl [14]. OddekTUBHBIM CNOCOOOM Ae3aKkT1BaLum HVITpO3VIpyIOL1J,I/Ii(

areHToB SBMSIETCA CBA3bIBaHNE UX B HEAKTUBHbIE AMA30COeAMHEHS MO peakuym Ana3oTMpoBaHWs NEPBUYHBIX apoOMaTUYeCKMX aMUHOB [15]. 3
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and it undergoes fast photolytic degradation.
NDMA is a flammable compound. Its molecular
weight is 78.08 g mol™' and partition coefficient
octanol/water (log K,,) is -0.57.

Fig. 2. Reactions of amines with nitrites [6].

3.2. Formation of N-nitrosodimethylamine

The mechanism of NDMA formation was ori-
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Fig. 4. Scheme of the reaction leading to the
formation of NDMA through UDMH; oxi-
dation of UDMH [3].
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e 3.2.1. N-nitrosodimethylamine as a product of the disinfection of
water containing dimethylamine with chlorine

e 3.2. 2. N-nitrosodimethylamine as a product of disinfection of water
containing dimethylamine with chlorine dioxide

e 3.2.3. Reaction of ozone with dimethylamine
* 3.2.4. Reaction of hydrogen peroxide with dimethylamine



3agayva N22 CnocoObl OMNCTKU

BO3MOXHOCTb peanusauum ‘ OTHOCUTeNnbHad

[1lpon3BoACTBO LRSI
HOMA + BancaptaH
hapuicyGeranuvn [t
duneTpoBaHme

OKCTpaKkuums

[leperoHka

Cybnnumauus

KosrnoHo4Has
Xpomartorpadums
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KonoHo4Has xpomatorpadus
[TpnHUMN oencTBUA



3aaa4va Ne2 KonoHo4yHasa xpomaTtorpadpus
Bbi6bop ycnoBum

BellecTEo PacTBopMoOCTbL B BoAe, PacTtBOopuMOCTbL B
- mMr/n MeOH/EtOH
HOMA [13] 1,0-10° pPacTBOPUM
BancapTtaH [14] 1,409 pacTBOpUM

. ['lomecTuUTb B KOJTOHKY
copOeHT, ¢ hepMeHTaMu
HOMA [15-17]

. [NponycTnTb peakunoHHYIO0
CMECb 4Yepes KOSTOHKY
(-BancapTtaH)

[TponyCcTUTb peakUNOHHYHO
CMeCb Yepe3 KOJTOHKY C
copbeHTOM

[MponycTnTb Boay Yepes3 KONMOHKY
(-HOAMA)
[TPOMbITb KONOHKY METaHOITOM

-
2 3
9 s
O Q
og'
C
O =

Cnocob Nei
«Bopa»
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3aaa4va Ne2 KonoHo4yHasa xpomaTtorpadgus
CpaBHeHUe cnocoboB

Cnoco6 Nel1 «Boga»

Cnocob Ne2 «PepmMmeHT»

[lpocToTa

[lpocToTa

CopOeHT = cunukarernb

CneunanbHbI COPOEHT

OuuLLEeHMe OT CNEKTPaA BELLIECTB,
XOPOLLO PacTBOPUMbIX B BOJE

Ounwenune Tonbko ot HAMA

B0O3MOXHO OCyLLeCTBUTL cendvac

3arps3HeHue npoaykTaMun pacnaga
HOMA: MeNH2, NO2, NO3°, MeOH, CO2

[elweBne

[lopoxe

HeobxoauMoCTb OYUCTKU OTXOO0B

MeHbLuee Yncno cTtagmm OUYUCTKU

YMeHbLIeHMe Bbixoga BancaprtaHa, 3a
CcYeT copOLUN B KOJTOHKE
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BancaptaH He copbupyeTtcs




3agayda Ne2
Kputepuun acpheKTMBHOCTU OYULLEHUA

° npOLLEHTHOE cojgepXaHue npumeceu
ob11as mueﬂeBoro

2
0/, JIpPUMECH — . . 0)
% = — t 100 %

MWUHNMallbHbIMU TPU

- MoTepa ueneeoro npoaykra 3(PPEKTUBHOM OUNLLEHNU

1'[()Te )% [eJyieBoro [eJsgeBoro
= (my - m; )t

oob11as

rae m - 0bwas macca nonyyeHHom OCB (mr),
neJseBoro
- cogepxxaHune BancaptaHa 40 O4YUCTKU (M),
eJIeBOoIro
m, - cogepxxaHue BancaptaHa nocsie o4NCTKU (M),

t — Bpemsa ounctkm, korga HAMA He obHapy>XeHO
00000000000 000000
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3apava Ne2 Onpepnenenne HAMA

MeToa TepMO3HEPIreTUYECKOIO
aHannaa, nNpeanoXXeHHbIN 100
Pylypiw et al [18]

OkucneHne c
neHTadonyopobeH30MHON

y 10-80
Kncrnortoun ['X c getektopom
9NEeKTPOHHOro 3axearta [19]

B3OXX [20] <5
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[Mpepnaraeman cxema oumnwieHmnsa @CB oT
HOMA

PeakunoHHasa cmechb:

AHanus

HOMA+BancaptaH+ XpomaTtorpadguyeckas

cogepXXaHus
apyrue nobo4vHble KOJTOHKa HOMA
sewecTsa B e

5 BIMKX

MeOH/EtOH > Onpegenexuve
cofepXaHusi

BancaptaHa

HOMA
0bOHapyXeHo
?

22
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Conclusion

«3apavya Nel «/IameHeHMe cuHTe3a» N0 WU3MEHEHUK MyTU CUHTE3a
BancaptaHa, npn KOTOPOM COXPaHAKTCA Te e BbIXo4bl NpoayKTa B
HacTosLlee BpeMs He pellaema

* PeweHnem 3agaym Ne2 «OyuweHne ¢CB ot HOAMA» aBnseTcsa ouyneHmne
peakLUMOHHOU CMecCWu MOocCMe CUHTe3a C UCMOSIb30BaHWEM KOMNMOHOYHOW
XpomaTorpagpun

* BbiOpaH crnocob xpomartorpadpupoBaHus Nel «Bopga» wu3-3a psga
NPEUMYLLIECTB: yaaneHue cnekTpa 3arpsisHuTenen, pacTBOPMMbIX B BOAE,
NPOCTOTa, BO3MOXXHOCTb peanin3oBaTthb B HACTOsILLIEE BPEMS

* Tak kak HOMA aBnsieTca KaHueporeHom, TO AN KOHTPONA OTCYTCTBUA
HIOMA BbIGpaH MeTo C HM3LLNUM NpeaernomMm obHapyXeHns

* [lpnBegeHa cxema BHegpeHua odnctkn @CB ot HOMA
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Thanks for attention!
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