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INEPCIIEKTUBHBIE TEXHOJIOI'MM ITOJIYYEHUSA OJIUT'OMEPHBIX
METHJI(®PEHUJI)CHJIIOKCAHOB

H. B. KINMOBA®, A.T. UBAHOB, A. B. JIEBEJIEB, II. A. CTOPOXXEHKO

Tocynapctennblii opaena Tpynosoro KpacHoro 3HaMeHH Hay4HO-MCCIIEA0BATENbCKUN HHCTUTYT XMMUH U TEXHOJIOTUH JIEMEHTOOPIaHUYECKUX
coeMHeHui, 1. DHTy3uacTos, 38, 105118, r. Mocksa, Poccust

Tpaouyuonnvie MemoOvl cunmesa Memui(peHun)curoKCano8bix MOHOMEPO8 U OIULOMEPOS PA3TUY-
HO20 cOCMAsa U CMPOEHUs 8 SHAYUMENLHOU CMeneHu ycmapeau u He 0meeyaiom coepemennbiM mpebo-
BAHUAM BbICOKO MEXHOLOSUYHBIX NPOU3BOOCME, Npedcoe 8Cec0 N0 NOKA3AMENIM MHO200MXOOHOCMU,
HU3KUM 8bIX00AM Yeae8blX NPOOYKMO8, HCECMKUM MPebO8AHUAM K KOPPOSUOHHOU CMOUKOCHU 060py00-
BAHUS U €20 MHO20YUCIeHHOCIU. B amoil cesa3u paspabomka HOGbIX MeXHONO2UYECKUX NOOX0008 K pac-
CMAMPUBAEMOMY KIAACCY NPOMBIUICHHO B0CMPEOOBAHHBIX KPEMHUNOP2AHUYECKUX COeOUHEeHUU npeo-
cmasisiem coOoll aKmyanbHy0 3a0ay).

Llenv pabomvr — usyuumb YNpasnAeMyr0  ayuOOSUOPOIUMUYECKYIO  NOTUKOHOEHCAyulo  Me-
MUA(PeHu)anKOKCUCUTAHO08 U CUTOKCAHOB8 YKCYCHOTU KUCIOMOT 6 NPUCYMCMEUU CEPHOU KUCTOMbL U anpoou-
posamv mpuc(nenmagmop@enun)oopan 6 Kavecmee KAMAMU3amopa Oe2uopoxonoencayuu ougenuime-
MUALUOPUOCUNIANA € MEMUNPEHUNATKOKCUCUIAHOM U CUTOKCAHOM.

Memodamu 2azoxcuokocmmuoii xpomamozpaguu, chexkmpockonuu AMP u 2azoeoii xpomamosepa-
Quu—macc-cnekmpomempuy  0emaibHO  U3YYEHO — HANpAeaeHue  2UOPOaU3A-KOHOeHCcayuu  Me-
MUL(PeHU)aKOKCUCUTAH08 U CUTOKCAHO8. HICnoNb306aHUe NOIYUEHHBIX Pe3yIbmAamos Nno3goasem 3Hauu-
MENbHO YNPOCMUNb MEXHON02UI0 CUHME3d, U NOBBICUNTL KAYECTBO BbICOKOBAKYYMHBIX dicuokocmeit PM-1 u
OM-2, npumensemvix 051 HYHCO MUKPOIIEKMPOHUKU. B x00e nposedénnozo ucciedosanus paspadomarvl
HO8ble 3 hexmusHble CHOCOObI NOLYYEHUs MeMUI((eHUn)ONULOCULOKCAHO8 TUHENIHOU CIMPYKMYPbL C pecyiu-
pyemot Onunoul yenu. Ilpu npumenenuu ayudo2uoposumuieckol nOIUKOHOSHCAYUY 8bIX00 MemuigheHUIou-
memoxcucunana cocmaensiem 70% u sensiemcs 60abWUM RO GelUYUHE, YeM 8 U3BECMHOU paHee XA0PUOHOU
mexnono2uy. OOHO8peMeHHO NOKA3AHA NEPCHEKMUSHOCIb UCHOIb308AHUA mpuc(henmagmopdenun)oopana
OJ1s1 KAMAaIumuy4ecKko20 CUHme3a UHOUSUOYAbHBIX OU- U MPU-MEMUL(PEHUT)CULOKCAHO8 8 00HY CMAoulo C
evixodamu bonee 95%, a makdice sblcuUX MemMUI(PeHUL)CULOKCAHOBBIX HCUOKOCIEU 3A0AHHO20 COCMABA CO
SHAYUMETLHBIM COKPAUEHUEM KOTUYECM8d Omx0008.

KoaroueBblie ciioBa: MeTiI((heHNIT)CUIIOKCaHbl, CUHTE3, alMIOTHIPOJIMTHYECKAs TOJMKOHICHCALUS, THAPHICHIA-
HBI, aTKOKCUCHJIAHKI, Tpuc(meHTadropdenmn)dopas.

PERSPECTIVE TECHNOLOGIES FOR PRODUCING OLIGOMERIC
METHYL(PHENYL)SILOXANES

N. V. KLIMOVA* A. G. IVANOV, A. V. LEBEDEV, P. A. STOROZHENKO

State Research Institute for Chemistry and Technology of Organoelement Compounds, Shosse Entuziastov, 38, 105118, Moscow, Russia

Conventional methods for the synthesis of methyl(phenyl)siloxane monomers and oligomers of variable
composition and structure, have depreciatd and do not meet up-to-date requirements of high-tech industries,
primarily in terms of high waste content, low productivity of target products, and stringent requirements for the
corrosion resistance of equipment and its numerosity. In this regard, the development of new technological
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approaches to the considered class of industrially demanded organosilicon compounds is an urgent problem.

The aim of the work is to study the controlled acidohydrolytic polycondensation of
methyl(phenyl)alkoxysilanes and siloxanes with acetic acid in the composition of sulfuric acid and to test
tris(pentafluorophenyl)borane as a catalyst for the dehydrocondensation of diphenylmethylgiridsilane with
methylphenylalkoxysilane and siloxane.

The direction of hydrolysis-condensation of methyl(phenyl)alkoxysilanes and siloxanes was studied in
detail by gas liquid chromatography (GLC), NMR spectroscopy, and gas chromatography—-mass
spectrometry (GC-MS). The use of the results obtained makes it possible to significantly reduce the synthesis
temperature, as well as to improve the quality of FM-1 and FM-2 high-vacuum liquids used for the needs of
microelectronics requirements. In the course of the study, new methods were developed for the production of
linear methyl(phenyl)oligosiloxanes with controlled fourth chain acidohydrolytic polycondensation of
methylphenyldimethoxysilane under various conditions. The yield is 70% and is higher than the previous
chloride technology. At the same time, the prospects of using tris(pentafluorophenyl)borane for the catalytic
synthesis of individual di- and tri-methyl(phenyl)siloxanes in one stage with yields above 95%, as well as
higher methyl(phenyl)siloxane liquids of a given composition with a significant reduction in the amount of
waste are shown.

tris(pentafluorophenyl)borane.

IHocmynuna 6 peoakyuro 13.06.2023

© H. B. Kiiumoga, A. T'. iBanos, A. B. JIe6enes, I1. A. Cropoxenko, 2023

11t mpruoOpeTeHus MOJHOTO TEKCTa CTaThu, 00panaiTech B PeIaKIIHio )KypHaa
Full text of articles can be purchased from the editorial office

Anpec penakuum: yi. Kuposa, 32a, 246050, r. 'omens, benapycb
Tenepon/paxc: +375 (232) 3406 36 /34 17 11

Address: Kirov St., 32a, 246050, Gomel, Belarus
Phone: +375 (232) 34 06 36. Fax: +375 (232) 34 17 11

E-mail: polmattex@gmail.com
Web: http://mpri.org.by/izdaniya/pmt/

OO0pa3zen HUTUPOBAHUS:

Kmumora H. B., UBanoB A. I'., Jle6enes A. B., Cropoxenko I1. A. [lepciekTHBHBIE TEXHOJIOTHH MOJTYYCHUS
onuromepubix Metui(penun)cunokcanos // [onumepusie Matepuanst u texHonorun. 2023. T. 9, Ne 3. C. 55-62.
http://doi.org/10.32864/polymmattech-2023-9-3-55-62

Citation sample:

Klimova N. V., Ivanov A. G., Lebedev A. V., Storozhenko P. A. Perspektivnye tekhnologii polucheniya oligo-
mernykh metil(fenil)siloksanov [Perspective technologies for producing oligomeric methyl(phenyl)siloxanes]. Po-
limernye materialy i tekhnologii [Polymer Materials and Technologies], 2023, vol.9, no. 3, pp. 55-62.
http://doi.org/10.32864/polymmattech-2023-9-3-55-62

Jluteparypa

1.

A wWN

~N o o

Hyde J. F., Johannson O. K., Daudt W. H., Fleming R. F., Laudenslager H. B., Roche M. P. Sodium and Potassium of Triorganosilanols // J.
Amer. Chem. Soc., 1953, vol. 75, no. 22, pp. 5615-5618. doi: 10.1021/ja01118a042

. Patent 2890234 US, IPC C07F7/08, C09K3/00. Phenylmethyltrisiloxanes / Fletcher H. J., Constan G. L. Publ. 09.06.1959. 3 p.
. Xananamsuau JI. M. XuMus ¥ TEXHOJIOTHS 3J1EMEHTOOPraHMYECKUX MOHOMEPOB U nonumepos. M. : Xumus, 1998. 528 c.
. Kombuios B. M., Xananamswumu JI. M., llxonsauk O. B., MiBanoB A. I'. 'uaponutideckas MOIMKOHCHCAINS OPraHOXJIOPCHIaHOB (0030p)

// Beicokomonexyisipabie coequuenus. Cepust A. 1995. T. 37, Ne 3. C. 394-416.

. Patent 3523131 US, IPC C07F7/0874. Process for the Production of methyl phenyl trisiloxanes / S. Sliwinski. Publ. 04.08.1970. 4 p.
. Patent 4289891 US, IPC C07F7/08. Silicone Diffusion Pump Fluids / Brown E. D., Jr. Publ. 15.09.1981. 11 p.
. Patent 4309557 US, IPC C07F7/08. Process for the preparation of alkyl and aryl substituted oligosiloxanes suitable for use as diffusion pump oils /


http://mpri.org.by/izdaniya/pmt/
mailto:polmattex@gmail.com
http://mpri.org.by/izdaniya/pmt/

Ilepcnexmuenvie mexHon02UU NOTYUEHUS ONULOMEPHBIX MEMUT((eHUT) CUTOKCAHO8 57

10.

11

12.

13.

14.
15.

Compton R. A, Petraitis D. J. Publ. 05.01.1982. 7 p.

. Xyns B. U., Kyns A. b., lllenyasxos B. J1., Kneitnosckas M. A., I[Toramosa I'. A., Coxonos H. M. Tlonydenne MeTnndeHHATpUCHIOKCaHA

// Xummaeckast mpoMsinuieHHOCTh. 1987. Ne 7. C. 404-406.

. UBanos A. I'., Konsuto B. M., NBanosa B. JI., Kosszun B. A., Cokonbckas U. b., Xazanos W. 1. ITonyueHne opraHoaiKoOKCHCHIOKCAHOB

YaCTHYHBIM aIUA0IN30M OpraHOaIKoKcUucHIaHoB // XKypHan obmeit xumun. 2012. T. 82, Ne 1. C. 69-75.

MBanoB A. I'. YrpaBisemas aliIOTHAPOIHTHIECKAS TOJIUKOHJEHCAINS aIKOKCH(OPTaHO)-CHIIaHOB U CHJIOKCAHOB : JIHC. KaHf. XuM. Hayk :
02.00.08. M., 2013. 141 c.

[arent 2524342 RU, MIIK C08G77/06, C08G77/18, C08G77/16. Criocob nostydeHust noim(0opraHo)(aJIKOKCH )(THIPOKCH )CHIIOKCAHOB € 33/IaHHOM
creneHbro nomikonaeHcaimy / ViBanos A. T'., Cropoxenko I1. A., TlommBanoB A. H., Veanosa B. JI., ®enorosa T. U., KoxeBuukos b. E. N
2013113140/04; 3asBi1. 26.03.2013; omy6u. 27.07.2014, Bron. N 21. 10 c.

Chojnowski J., Rubinsztajn S., Cella J. A., Fortuniak W., Cypryk M., Kurjata J., Kazmierski K. Mechanism of the B(C¢Fs)s-Catalyzed Re-
action of Silyl Hydrides with Alkoxysilanes. Kinetic and Spectroscopic Studies // Organometallics, 2005, vol. 24, no. 25, pp. 6077-6084.
doi:10.1021/0m050563p

Ahn H. W., Clarson S. J. Synthesis and Characterization of Cis- and Trans-Trimethyltriphenylcyclotrisiloxane // J. Inorg. Organometall.
Polymers, 2001, vol. 11, no. 4. pp. 203-216. doi: 10.1023/A:1020573010257

NIST Chemistry WebBook [nekrponssiii pecype]. URL: https://webbook.nist.gov/chemistry (zata obparuenus: 30.05.2023).

Kmumosa H. B., UBanoB A. T., Jlebenes A. B., I'paués A. A., Ky3zueuoBa M. I'., Cropoxenko II. A. JlernapoxoHIEHCAIHs
apuI(anKuI)THIPOCUIAHOB C MeTaHoNoM // XUMHS U TEXHOJNOTHs opraHmueckux BemectB. 2020. Ne 4 (16). C. 4-14.

doi: 10.54468/25876724_2020_4 4

References

1.

10.

11.

12.

13.

14.
15.

Hyde J. F., Johannson O. K., Daudt W. H., Fleming R. F., Laudenslager H. B., Roche M. P. Sodium and Potassium of Triorganosilanols. J.
Amer. Chem. Soc., 1953, vol. 75, no. 22, p. 5615-5618. doi: 10.1021/ja01118a042

. Fletcher H. J., Constan G. L. Phenylmethyltrisiloxanes. Patent US, no. 2890234, 1959.
. Khananashvili L. M. Khimiya i tekhnologiya elementoorganicheskikh monomerov i polimerov [Chemistry and technology of organoelement

monomers and polymers]. Moscow : Khimiya Publ., 1998. 528 p.

. Kopylov V. M., Khananashvili L. M., Shkol'nik O. V., lvanov A. G. Gidroliticheskaya polikondensatsiya organokhlorsilanov (ob-

zor) [Hydrolytic polycondensation of organochlorosilanes (review)]. Vysokomolekulyarnye soedineniya. Seriya A [Polymer Science.
Series A], 1995, vol. 37, no. 3, pp. 394-416.

. Sliwinski S. Process for the Production of methyl phenyl trisiloxanes. Patent US, no. 3523131, 1970.
. Brown E. D., Jr. Silicone Diffusion Pump Fluids. Patent US, no. 4289891, 1981.
. Compton R. A,, Petraitis D. J. Process for the preparation of alkyl and aryl substituted oligosiloxanes suitable for use as diffusion pump oils.

Patent US, no. 4309557, 1982.

. Zhun' V.1., Zhun' A.B., Sheludyakov V.D., Kleynovskaya M.A., Potashova G.A., Sokolov N.M. Poluchenie metilfeniltrisiloksana [Obtain-

ing methylphenyltrisiloxane]. Khimicheskaya promyshlennost' [Industry & Chemistry], 1987, no. 7, pp. 404-406.

. lvanov A. G., Kopylov V. M., lvanova V. L., Kovyazin V. A., Sokol'skaya I. B., Khazanov I. I. Poluchenie organoalkoksisiloksanov chas-

tichnym atsidolizom organoalkoksisilanov [Preparation of organoalkoxysiloxanes by partial acidolysis of organoalkoxysilanes]. Zhurnal ob-
shchey khimii [Russian Journal of General Chemistry], 2012, vol. 82, no. 1, pp. 69-75.

lvanov A. G. Upravlyaemaya atsidogidroliticheskaya polikondensatsiya alkoksi(organo)-silanov i siloksanov. Diss. kand. khim. nauk [Con-
trolled acidohydrolytic polycondensation of alkoxy(organo)silanes and siloxanes. PhD. chem. sci. diss.]. Moscow, 2013. 141 p.

lvanov A. G., Storozhenko P. A., Polivanov A. N., Ivanova V. L., Fedotova T. I., Kozhevnikov B. E. Sposob polucheniya
poli(organo)(alkoksi)(gidroksi)siloksanov s zadannoy  stepen'yu polikondensatsii [Method for producing
poly(organo)(alkoxy)(hydroxy)siloxanes with a given degree of polycondensation]. Patent RF, no. 2524342, 2014.

Chojnowski J., Rubinsztajn S., Cella J. A., Fortuniak W., Cypryk M., Kurjata J., Kazmierski K. Mechanism of the B(C¢Fs)s-Catalyzed Re-
action of Silyl Hydrides with Alkoxysilanes. Kinetic and Spectroscopic Studies. Organometallics, 2005, vol. 24, no. 25, pp. 6077-6084.
doi:10.1021/0m050563p

Ahn H. W., Clarson S. J. Synthesis and Characterization of Cis- and Trans-Trimethyltriphenylcyclotrisiloxane. J. Inorg. Organometall. Pol-
ymers, 2001, vol. 11, no. 4. pp. 203-216. doi: 10.1023/A:1020573010257

NIST Chemistry WebBook. Available at: https://webbook.nist.gov/chemistry (accessed 30 May 2023).

Klimova N. V., Ivanov A. G., Lebedev A. V., Grachev A. A., Kuznetsova M. G., Storozhenko P. A. Degidrokondensatsiya ar-
il(alkil)gidrosilanov s metanolom [Dehydrocondensation of aryl(alkyl)hydrosilanes with methanol]. Khimiya i tekhnologiya organich-
eskikh veshchestv [Chemistry and Technology of Organic Substances], 2020, no. 4 (16), pp. 4-14. doi: 10.54468/25876724_2020_4 4




