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1. Introduction FRs in the world due to their low price, good siapillow

addition amount and good compatibility with syntbetesin
materials"* However, large amount of smoke is released during
the fire and the released hydrogen halide is easyduse
secondary disastets. FRs based on organic phosphorus
compounds are known to be one of the most promising
candidates that can replace the halogen-basedTeRfate, great
numbers of phosphorus-containing FRs have beerlafmadue

to their good ability in flame retardancy and eomimental
friendliness*®* Most recently, our group have developed
several organic phosphonium salts as ERwhich showed
excellent flame retardant performance while they vegrglied to
polycarbonate (PC) and poly(ethylene-co-vinyl aegtdEVA).
The phosphonium salts were synthesized by sulfdioateation
from alcohols with p-toluenesufonic chloride in theesence of
base followed by salification with triphenylphosphii$shemel,
eg.2). However, the method needs two steps operatiorthaid
anion part are restricted by the sulfonate species.

Phosphonium salts are important precursors for Wlittig
olefination! and they are also useful phase-transfer catalfgts
catalytic organic transformations. Phosphoniumsshhive also
been widely used in supercapacitdye-sensitised solar cefls,
corrosion inhibitors, lubricants’ and organic transformations as
green medid. It is well known that polymeric materials
containing phosphonium salts have been extensaghyied to a
variety of antimicrobial-relevant arefsin this context, the
development of efficient methods for the synthesi§
phosphonium salts is an important objective in pigaynthesis.
The most common approach to phosphonium salts deslu
reaction of phosphines with alkyl halides to fornogbhonium
halide salts followed by anion exchange with metdissand
removal of metal halides (Scherbeeq.1).” In most application
area for the phosphonium salts, the weakly cooridinanions,
such as BF, PR, SbR and (CESO,),N’, are needelf, and the
remaining metal halides are known to deteriorate greperties
for use™ Although this common synthetic method is efficitatt ~ General method for the synthesis of phosphonium salts

ma}<|ng phosphonlum salts, the separation ofllnoman)etal PRs + RX R'—E’Rs X~ MY R'—E’Rs Y o+ MX ()
halides in the anion exchange step remains chatigng

Therefore, the development of practical and diegigiroaches to  Previous work

phosphonium salts, that avoid the use of halides, raghly ase PPhg

B L
ROH + TsCl ——— R-OTs R-PPh 2
THE 3OTS ( )

appealing.
i . This work
Flame retardant performance has become an impdrtdex HX

for the application of polymeric materidfs. Blending  PRs + CH(OR); ——— R—PRy X~ ®)
modification of polymeric materials with flame refants (FRs) Scheme 1. Synthesis of phosphonium salts

is a general approach to give the fire-resistancgperty for

polymers. Halogen-based FRs are the most widely asghic
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Mcnulty and Das reported the reaction of methylscale reactions were carried outlas(0.2 mol),2a (1 mol), AS (0.2 mmol),
orthoformate with phosphonium HBr salts to generate?t110°C.

methylphosphonium bromid& However, the method just limited
in the formation of bromide salts. Most recentlyari® and
coworkers reported the reaction of imidazoles anidsawith
orthoformates to afford imidazolium salts with diser

In order to demonstrate the synthetic utility o€ thresent
process, the large-scale transformations were deste
Significantly, the reactions ofla and 2a with 4-
toluenesulfonic acid and diphenyl hydrogen phospha0.2

counterions? Herein we present an efficient and practical mo| scale afforded®i in 89% (79.8 g) yield an8@n in 69%

method via the reaction of phosphines and acids witf72.7g) vyield

orthoformates in one step operation, which allowsdrazcess
phosphonium salts with diverse counterions in higdg. In
addition, the flame retardant performance in PC d&as been

respectively after the purificationy b

recrystallization.

After successfully realization of the synthesis ofthyl

examined by blending several phosphonium salts @ P triphenylphosphonium salts with various counterionse

respectively.
2. Results and Discussion

Initially, we conducted the reaction of triphenylpbine La)
and methyl orthoformate24) with various acid sources (ASs) at
110 °C (Table 1). Firstly, we tried the reaction with gda
anions, such as ammonium chloride, ammonium broraiuz
ammonium iodide, and found that the reactivity higthepends
on the anion source. Thus, the reaction with amrmordhloride
gave corresponding phosphonium chlor8dein 51% vyield in 12
h, whereas phosphonium bromidd and iodide 3c were
obtained in high yields in shorter reaction timenMwordination

subsequently turned our attention to examiningéaetion scope
with different orthoformates and phosphines usin@Hsas an
acid source. As shown in Tab® ethyl, n-propyl and i-propyl
group could be introduced to afford correspondihggphonium
salts 3p-3r in high yields, even though higher reaction
temperature and longer reaction time were needegl.rdction
of bisphosphines, DPPP and BINAP, also proceeded &ifgdot
give bisphosphonium sal8s and3t in moderate yields. Tributyl
methylphosphonium tosylatgu could also be obtained in 76%
yield under the reaction conditions.

Table2. The reaction of phosphinésand orthoformate2
with 4-toluenesulfonic acfd

anion BF and Pk could also be introduced when the reaction of

la and2a with HBF,and HPF or their ammonium salts to give
corresponding phosphonium salid and 3e in acceptably high
isolated yields. The reaction & and2a with HN(SO,CF;), in 2
h gave phosphonium saBf in 95% vyield. Various sulfonate
anions could be introduced under the reaction dimmdi to give
3g-3m in high yields. Notably, the reaction @& and2a with
sulfuric acid or ammonium sulfate to give phospliamimethyl
sulfate 3l in high yield. In addition, chiral sulfonatém could
also be obtained in moderate yield. The reactiamditmns also
tolerated to prepare phosphonium phosphate, thaspblonium

diphenyl phosphat&n and phosphonium binaphthyl phosphate

30 could be obtained in high yields.

Table 1. The reaction of triphenylphosphintaj and methyl
orthoformate 2a) with different acid sourcés

acid source (AS) + -
PPh; + CH(OMe)s o —PPh3 X
110°C
1a 2a 3
+ — + — + - + -
—PPh;3Cl —PPh3Br —PPhgsl —PPh3BF4
3a 3b 3c 3d
AS: NH4CI, AS: NH4Br, AS: NHyl, AS: HBFy,
RT: 12 h,51% yield RT:4h, 96% yield RT:1h, 92% yield RT: 1 h, 79% yield
AS: NH4BF4,

RT: 4 h, 81% yield

+ _ + - + - + -
—PPh3PFg —PPh3N(SO,CF3),  —PPh3OTf —PPh3;OMs
3e 3f 3g 3h
AS: HPFg, AS: HN(SO,CF3),, AS: TfOH, AS: MsOH,
RT: 1h, 78% yield RT:2h, 95% yield RT: 10 h, 82% yield RT: 12 h,94% yield
AS: NH4PFg,

RT: 6 h, 79% yield

o
+ — — — + . o
—PPh;OTs —PPh;PhSC; —PPh;EtSO;  —PPhyO"SOMe
3i 3 3k 3l
AS: TSOH, AS: PhSO3H, AS: EtSO3H, AS: H,S0,,
RT:12h, 91%yield RT:8h, 89%yield RT:12h, 95% yield ~RT: 2 h, 84% yield
AS: (NH,),S0y,

Large scale,?

RT: 36 h, 92% yield
RT: 24 h, 89% (79.8 g)

+ ON /O l l
—PPhy R

(0]
30

AS: binaphthyl phosphate,
RT: 30 h, 81% vyield

p . o
I
—PPh; —PPh; __p-OPh
fo) 0" ~OPh
055 3n
3m AS: diphenyl phosphate,
RT: 24 h, 94% yield
Large scale,?

RT: 48h, 69% (72.7 g)

AS: L-camphorsulfonic acid,
RT: 48 h, 66% yield

2Generateaction conditionsta (1 mmol),2a (5 mmol), AS (1 mmol), at 110
°C (sealed). The yields are of isolated materiatsr aécrystallization® Large

R
TsOH -
PR3 + CH(OR); *P—R' OTs
1 2 R R
3
+ - + - . + -
Et—PPh; OTs "Pr—PPh;OTs iPr—PPh;OTs
3p 3q 3r
RT: 24 h, 120 °C, RT: 68 h, 130 °C, RT: 90 h, 130 °C,
91% yield 77% vield 82% yield
CLshe
Ph. Ph Ph_ Ph PCPh OTs
P~ P -
. =" pLphOTs A man
OTs OTs “ph P("Bu); OTs
3sb 3tP 3u
RT: 12 h, 110 °C, RT: 12 h, 110 °C, RT:6h, 110 °C,
78% vield 51% yield 76% vield

2General reaction conditions:(1 mmol),2 (5 mmol), TSOH (1 mmolY. The
reactions carried out withh (1 mmol),2 (10 mmol), TSOH (2 mmol). The
yields are of isolated materials after recrystatiian.

With synthesized phosphonium salts in hand, we nbgrse
several phosphonium salts to examine their flammrdant
performance in PC. The samples were prepared byibigrof
PC, each phosphonium s&tand anti-dripping agent, ethylene
tetrafluoroethylene (ETFE) with a weight ratio of 120.1 in a
Haake Rheocord 90 internal mixer at 21D for 10 min. The
obtained mixtures were subsequently pressed in@tsloé 3 mm
which could be easily processed into desired sasipe.

Firstly, in order to investigate the thermal stdpilof the
flame-retardant PC/phosphonium salt composites,
thermogravimetric analysis (TGA) was carried out undlgr
atmosphere (Fi@). As shown in Figurel and Table3, Tsy, of
PC composites were decreased in comparing with theirgin
PC, which means the processed PC decomposed -earlier
comparing to virgin PC. The result of,J indicated that max
decomposing temperature of the PC composites aisnec
earlier. The PC composites with phosphonium phossiBatand
30, and phosphonium tosylateé3m, 3r, 3s, and 3t showed
relatively high Ey and T, Which slightly decreased than virgin
PC. The residual at 80 of PC/phosphonium composites have
no big change than that of virgin PC. These resntteated that
although the addition of phosphonium salts to P4l l® earlier



thermal degradation of the PC composites, there havobvious PCB V2 27.7 21
deltterltorz;tg)n of thermal stability after blendindngsphonium PCBK V2 28.9 33
saits to L. PCAI V2 29.6 4.0
PCBm V2 30.7 5.1
10 - PCBn VO 32.3 6.7
N PCBo VO 317 6.1
80 1 W\ \ PCBp V2 26.9 1.3
. | \ \ PCRBq V2 29.6 4.0
o ——PC/3h —— PC/3i |
Q_E 60 ——PC/3j —— PC/3k PCRBr V2 26.0 0.4
? PC/3I PC/3m PCBs V2 28.2 2.6
= ——PC/3n —— PC/30
40 —PC3p —— PCI3q PCBt V2 27.0 1.4
—— PC3r PC/3s
——PC/3t —— Virgin PC
20 4 = H
_— 3. Conclusion
. In conclusion, we have developed an efficient and
100 200 300 400 500 600 700 800 practical method for the synthesis of phosphoniaits svia
T/°C the one-step reaction of phosphines and excessed
Figure1. Thermogram of PC/phosphonium salts composites. orthoformates with equivalent of acid salts without

additional solvents. The process allowed rapid ssd®
phosphonium salts with diverse counterions in hyigid.

Table 3. TGA data of PC/phosphonium salts composites The synthetic utility was demonstrated by the lasgale

Sample ol Tmo/ | Residual at 800/wt% transformations. In addition, several phosphoniaitsshave
Virgin PC 468.9 537.6 18.3 been applied as flame retardants for PC. The stétePC3
PCRh 411.3 500.4 15.6 composites with only 2 phr loading of phosphoniuattss
PCBi 422.9 505.0 13.8 showed good thermal stability and flame retardancy.
PCRj 4321 502.8 14.1 Especially, the PC composites with phosphonium
PCAK 213.4 4835 15.4 phosph_ateSBn _and 30 showed exc_ellent flame _retardant
pCal 4318 509 6 172 properties, whlch reach to V-0 rating. I_:urther ggadon
expending this phosphonium salts formation protesther
PCBm 442.3 510.7 18.2 salts formation and the application of phosphonaatts as
PCBn 456.6 522.1 16.0 flame retardants to other polymers are currentlgeuway,
PCBo 444.9 514.9 16.8 and will be reported in due course.
PCBp 447.3 515.9 16.2
PCRBq 436.3 509.9 16.1
PCRr 453.4 519.5 16.7 4. Experimental
PCBs 458.4 521.7 17.8 4.1.Materials
PCAt 457.1 509.6 15.7
3Tsy indicated the temperature when the tested sarmpe3% of its mas§. Polycarbonate (PC) was purchased from LG Chem., with a
Tmax indicated the temperature when the speed of noassfeached its density of 1.20 g/cthand a melt index of 22 g/10 min. Ethylene
maximum. tetrafluoro-ethylene (ETFE) was supplied by DongyueuprLtd.

In order to investigate the flame retardancy of thePll of the chemicals were bought and used directlyhwuit

phosphonium salts, the limiting oxygen index (L@§lues further purification.

and vertical burning rating (UL-94) for the PC/ppbenium 4 2 General procedure for the synthesis of phosphonidts 3a
salts were examined. As illustrated in Tadevirgin PC is a

kind of flammable polymer with no rating in UL-94élow As shown in the tablel and 2, phosphine, acid and
LOI value (25.6%). The LOI value got greatly impeav Orthoformate in a mol ratio of 1:1:5 were addedtte teaction
when Only 2 phr (parts of per hundreds of rubbe]ee'rn) of tube. The reaction mixture was stirred at 1°0 After the
the phosphonium salts were added into the PC hlendgompletion of the reaction, the reaction mixturesveaoled to
Especially when phosphonium phosphate and 30 were  oom temperature, and the excessed orthoformatevegorated
added, the LOI value increased to 32.3% and 31.79dnder reduced pressure. The obtained residue wastabzed
respectively, and they both reached the V-0 ratidther With dichloromethane and ethyl acetate, and washeul etltyl
phosphonium salts all showed positive effect towdtame  acetate and petroleum ether. The product was dniedviacuum
retardancy, but failed to reach V-1 rating in UL-9d view  Oven at 60 °C overnight to obtain desired pure phosium salts.

of only 2 phr loading of phosphonium salts in tHenil, 4.3. Methyltriphenylphosphonium chlorida)

they worked quite well during burning process.
. Yield: 51%; light brown solid; 145-149C; *H NMR (500
Table4. LOI and UL-94 results of PC/ phosphonium salts 14 CDCL) 5 7.83-7.69 (m, 15H), 3.27 (d,= 13.2 Hz, 3H);

composites ¥C NMR (125 MHz, CDG)) § 135.08, 135.06, 133.16, 133.08,
Sample UL-94 rating LOI(%) ALOI (%) 130.42, 130.32, 119.41, 118.71, 10.42, 9.8P, NMR (202
Virgin NR 25.6 - MHz, CDCkL) § 21.82; HRMS (ESI-MS): Calcd. for ;gH;4P":
PCRBh V2 30.3 4.7 277.1141, Found: 277.1143.

PCBI V2 27.7 21 4.4.Methyltriphenylphosphonium bromidgbj
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Yield: 96%; white solid; 149-151C; '"H NMR (500 MHz,  4.11.Methyltriphenylphosphonium 4-methylbenzenesulfonate
CDCL) & 7.83-7.69 (m, 15H), 3.27 (d, = 13.3 Hz, 3H);®C  (3i)
NMR (125 MHz, CDC}) & 135.08, 135.06, 133.27, 133.18, _— R - . ) .
130.44, 130.34, 119.41, 118.70, 11.06, 108R: NMR (202 Yield: 91%; white solid; 57-58C; Large scale: The reaction

. i . - was carried out with 0.2 mol of triphenylphosphinembl of
2/I7I-;z,llC‘:llng'208ur]2;.8§,77HFll\£f (Eillczﬂs)fbrc;.%%lgg lg_'FgSEn'd_ trimethyl orthoformate and 0.2 mol of p-toluenesult acid at
78 9'175 ' ' ’ ’ ’ T ’ " 110 °C for 24 h. The reaction mixture was cooled to room

temperature, and the excessed orthoformate was mago
4.5. Methyltriphenylphosphonium iodid8d) under reduced pressure. The obtained residue wastatized

Yield: 92%; light yellow solid; 144-14C; 'H NMR (500 with dichloromethane and ethyl acetate, and wa_shelql ethyl

acetate and petroleum ether. The product was dniedviacuum

MHz, CDCL) 7'85_71'377 (m, 3H), 7.76 —7.70 (m, 12H), 3.17 oven at 60 °C overnight to obtadh in 89% yield."H NMR (500
(d, J = 13.2 Hz, 3H);"C NMR (125 MHz, CDCJ) § 135.12,

135.10, 133.15, 133.06, 130.43. 130.33, 118.98,271811 60 VHZ CDCL) & 7.75-7.62 (m, 17H), 7.02 (d,= 7.4 Hz, 2H),

—_— = '13
1110 N (02 1 GG 5 2155 FRME (Corno)  0£.300 (3220 945 He TG i (120 v
Calcd. for GgHqgP": 277.1141, Found: 277.1143. Calcd. for | 3 e ‘an P o S o o

, 130.15, 128.05, 125.91, 119.33, 119.31, 118.63,611@1.10,
126.9050, Found: 126.9044. 9.45, 8.99°'P NMR (162 MHz, CDG) 5 22.69; HRMS (ESI-

4.6. Methyltriphenylphosphonium fluoroboratgdy MS): Calcd. for GHygP™: 277.1141, Found: 277.1118. Calcd. for

. . C;H;0,S: 171.0121, Found:171.0095.

Yield: 79% (AS: HBR), 81% (AS: NHBF,); light yellow
solid; 148-156C; '"H NMR (500 MHz, CDC)) 5 7.81-7.71 (m, 4.12.Methyltriphenylphosphonium benzenesulfon&j (

— 13

3H), 7.70-7.62 (m, 12H), 2.88 (dd,= 13.4, 4.2 Hz, 3H),"C Yield: 89%; White solid; 142-14%C; '"H NMR (500 MHz,
NMR (125 MHz, CDCJ) § 135.18, 135.15, 133.08, 133.00,
130.51, 130.41, 119.36, 119.34, 118.66, 118.6%,BZ9;*'P CDCl) 8 7.85-7.63 (m, 17H), 7.27-7.55 (m, 3H), 3.12 1G5

= R N o ) gy ’ 13.3 Hz, 3H);"*C NMR (125 MHz, CDG)) & 147.06, 134.94,

NMR (202 MHz, CDC) & 21.50, 21.43; HRMS (ESIMS). 3, 91 "133 16 133.07, 130.38, 130.27, 128.69,6227.26.08,
Calcd. for GgH.gP': 277.1141, Found: 277.1141. Calcd. for,BF 119.55, 118.85, 9.71, 9.28P NMR (202 MHz, CDG) 5 21.75;
87.0035, Found: 87.0027. HRMS (ESI-MS): Calcd. for GH,P": 277.1141, Found:
4.7.Methyltriphenylphosphonium hexafluorophosph&m ( 277.1140. Calcd. for 1s0,S:141.0016, Found:141.0019.

Yieldl: 78% (AS: HPE), 79% (AS: NHPFR,); white solid; 178-  4.13.Methyltriphenylphosphonium ethanesulfonaie) (
O,
180°C; 'H NMR (500 MHz, DMSO)5 7.91-7.87 (m, 3H), 7.78= v 9506 White solid; 80-83C; *H NMR (500 MHz,

— 13
7.73 (m, 12H), 3.14 (d] = 14.7 Hz, 3H);"C NMR (125 MHZ, 013y 5 7 82768 (m, 15H), 3.15 (d.= 13.3 Hz, 3H), 2.75 (q,
DMSO) & 134.85, 134.83, 133.28, 133.20, 130.17, 130.07-° > B
¥ 3= 7.5 Hz, 2H), 1.26 (1) = 7.4 Hz, 3H)C NMR (125 MHz,
120.27, 119.57, 7.47, 7.03 3P NMR (202 MHz, DMSO)
CDCly) 5 134.92, 134.90, 133.12, 133.04, 130.35, 130.26,501
22.66, -133.66, -137.17, -140.68, -144.20, -147151.22, -
154.74: HRMS (ESI-MS) Calcd. for,@,p": 277.1141 Found: L18:82.45.51, 9.8, 9.75, 9.3% NMR (202 MHz, CDG) 8
74, : - for,@H,P": 277.1141, © 21.85; HRMS (ESI-MS): Calcd. forgH.P": 277.1141, Found:

277.1145. Calcd. for BF144.9647, Found: 144.9644. 277.1110. Calcd. for £1:0,S: 108.9965, Found: 108.9947.
4.8. Methyltriphenylphosphonium 4.14.Methyltriphenylphosphonium methyl sulphaig (

bis((trifluoromethyl)sulfonyl)amide3f)
1 . 0, . 0, . T
Yield: 95%; white solid; 115-11%C; 'H NMR (500 MHz, vield: 84% (AS: HSQy), 92% (AS: NHSQy); light yellow
solid; 150-153C; *H NMR (500 MHz, CDCJ) 5 7.82-7.78 (m,
CDCl,) 5 7.85-7.81 (m, 3H), 7.72-7.71 (m, 6H), 7.70-7.59 (m g :
2 3H), 7.73-7.68 (m, 12H), 3.65 (s, 3H), 3.081¢; 13.3 Hz, 3H);
6H), 2.82 (d,J = 13.2 Hz, 3H); "C NMR (125 MHz, CDG) & 13c"\vR (125 MHz, CDCJ) 5 135.05, 135.02, 133.21, 133.13,

ﬁggg ;3752'38'21;?%?\]7,\'/';322'33’hﬂllio'ﬁéb1305521i%_nlj§ﬁ§' 130.46, 130.36, 119.61, 118.90, 54.24, 9.64, 'BBNMR (202
32, 9.72, 9.25, ( z, CDQ) 8 21.22; MHz, CDCL) & 21.85; HRMS (ESI-MS): Calcd. for ;"

(ESI-MS): Calcd. for GHyP": 277.1141, Found: 277.1145. . )
Calcd. for N(SGCR),: 279.9178, Found: 279.9178. ﬁZﬂ'nldl-ﬁb 9F7°1“0nd' 277.1124. Caled. for {Lk5:110.9758,

4.9. Methyltriphenylphosphonium trifluoromethanesulfon@g 4.15.Methyltriphenylphosphonium ((1R,4S)-7,7-dimethyl-2-

Yield: 82%; white solid; 130-132C; 'H NMR (500 MHz,  oxobicyclo[2.2.1]heptan-1-yl)methanesulfonademy

CDCL) 6 7.81-7.77 (m, 3H), 7.70-7.61 (m, 12H), 2.85]c Yield: 66%: light yellow solid; 190-195C; 'H NMR (500
13.2 Hz, 3H)°C NVR (125 MHz, CDC) § 135.21, 135.18, o0 AP0 0T VIRt SOl o e T e h, 1)
133.06, 132.98, 130.51, 130.41, 122.02, 119.25,54189.63, » GDC  1oH). ’ Az 1R).
06, _ 3.16(d, J = 13.3 Hz, 3H), 2.90 — 2.83 (m, 1H), 2d4)(= 14.7
9.17; P NMR (202 MHz, CDGJ 8 21.44; HRMS (ESIMS): 7 ° ip = 25 0 2 P = 2 e e 2h0
Calcd. for GgH;gP: 277.1141, Found: 277.1142. Calcd. for 1 8’0 d "] - 18 Ole 1H). 162 1'56 (r;w iH) 1 3D24 (m,

CFR;0;S: 148.9526, Found: 148.9519. 1H), 1.13 (s, 3H), 0.80 (s, 3HFC NMR (125 MHz, CDC)) 5
4.10.Methyltriphenylphosphonium methanesulfonate 217.15, 134.83, 134.81, 133.12, 133.10, 133.04,0133.30.28,
. . . 1 130.18, 119.58, 118.88, 58.54, 47.54, 46.62, 424286, 42.50,
Yield: 94%; white solid; 45-47C; 'H NMR (500 MHz, g o5 5430 20.21, 19.74, 9.68, 9.3% NMR (202 MHz
CDCl) 5 7.83-7.79 (m, 3H), 7.75-7.68 (m, 12H), 3.110d:  cpcy) 5 21.87: HRMS (ESFMS) Calod. for (g™

13
13.3 Hz, 3H), 2.64 (s, 3H),"C NMR (125 MHz, CDC) 3 577 1140, Found: 277.1110. Calcd. for6-0,S: 231.0697,
134.94, 13491, 133.06, 132.97, 130.33, 130.224D1918.69, Fo\ . 231 0674,

39.25, 9.64, 9.18"'P NMR (162 MHz, CDG) & 22.82; HRMS
(ESI-MS): Calcd. for GH.P": 277.1141, Found: 277.1145. 4.16.Methyltriphenylphosphonium diphenyl phospha®)

Calcd. for CHO,S': 94.9808, Found: 94.9756. Yield: 94%; white solid; 125-127C; Large scale: The
reaction was carried out with 0.2 mol of triphenylgpbine, 1



5

mol of trimethyl orthoformate and 0.2 mol of diplyghosphoric ~ 4.21.Propane-1,3-diylbis(methyldiphenylphosphonium) 4-
acid at 110C for 48 h. The reaction mixture was cooled to roommethylbenzenesulfonatgs(
temperature, and the excessed _orthofor_mate was re_xtapo Yield: 78%: white solid; 155-15%C: 'H NMR (500 MHz,
under reduced pressure. The obtained residue wastatzed

. . CDCl) 6 7.90-7.79 (m, 12H), 7.66—7.54 (m, 12H), 7.12J¢,
with dichloromethane and ethyl acetate, and washed &tftyl _
acetate and petroleum ether. The product was dniedviacuum 8.2 Hz, 4H), 3.72-3.66 (m, 4H), 2.62 (= 13.3 Hz, 6H), 2.33

) (s, 6H), 2.06 — 2.02 (m, 2HJ’C NMR (125 MHz, CDGC)) &

o H . 0, . 1
ity "*Ctggh)%o?"‘;glghégo(r‘;bt?ﬂ - %ggfyyg%'* 1N2'\|"4'? (7532 (4,143.90, 139.03, 134.38, 132.44, 132.40, 132.36,2830.30.24,
’ fen 09 A S, 1997008 WMy 2en), 128 (G 130.19, 130.18, 130.14, 130.09, 128.56, 128.54,8125.25.85,

J=8.0 Hz, 4H), 7.10 (1] = 7.7 Hz, 4H), 6.87 (1] = 7.3 Hz, 2H),
596 (sz: 133,) Hy 35_?)130 NMé (12)5 MHz (t(J:ch)s 1253 gg 119.46, 118.77, 22.82, 22.67, 22.38, 22.23, 2118630, 6.86,
S o el ’ ~>' 6.41;%'P NMR (202 MHz, CDG) § 23.45; HRMS (ESI-MS):

15390, 134,75, 13472, 132,03, 132,85, 130190802654, ¢4, o R T 00 S o (e
Dy O T ST S TiIS e 3T T S CH,0,S: 171.0121, Found: 171.0123.

(162 MHz, CDC}) 8 22.75, -9.17; HRMS (ESI-MS): Calcd. for
CigHigP: 277.1140, Found: 277.1120. Calcd. fogHG,0P 4.22.[1,1'-binaphthalene]-2,2'-diylbis

:249.0317, Found:249.0303. (methyldiphenylphosphonium) 4-methylbenzenesulfo{Bgte
4.17.Methyltriphenylphosphonium dinaphtho[2,1-d:1",2'- Yield: 51%; light yellow solid; 138-146C; *H NMR (500
f][1,3,2]dioxaphosphepin-4-olate 4-oxid8d) MHz, CDCkL) & 8.48-8.30 (m, 2H), 8.06 (d, = 8.3 Hz, 2H),

7.80-7.45 (m, 20H), 7.34 (td,= 7.8, 3.6 Hz, 4H), 7.11-6.96 (m,
8H), 6.81 (t,J = 7.7 Hz, 2 H), 6.60 (d] = 8.6 Hz, 2H), 2.30 (s,
6H), 2.25 (d, J = 12.9 Hz, 6H)°C NMR (125 MHz, CDC)) 5
144.17, 138.74, 135.31, 135.29, 135.11, 134.78,553333.47,
132.56, 132.46, 132.28, 132.20, 130.75, 130.70,6430.30.28,
130.18, 129.11, 129.01, 128.92, 128.47, 128.38,2R26126.05,
119.71, 119.00, 118.83, 118.31, 118.13, 117.63272110.62,
10.18;*'P NMR (202 MHz, CDG) § 21.48; HRMS (ESI-MS):
Calcd. for GgHsgP,2": 652.2438, Found: 326.1223. Calcd. for
C,H;0,S: 171.0121, Found: 171.0123.

Yield: 81%; White solid; 143-148C: *H NMR (500 MHz,
CDCl;) 1H NMR (500 MHz, Chloroform-dp 7.81-7.78 (m,
4H), 7.60-7.56 (m, 3H), 7.47-7.41 (m, 14H), 7.32—{rA84H),
7.14-7.11 (m, 2H), 2.67 (dl = 13.2 Hz, 3H);*C NMR (125
MHz, CDC}) & 150.55, 150.48, 134.88, 134.86, 133.22, 133.13
133.12, 132.81, 130.92, 130.36, 130.26, 129.81,2P2827.18,
125.59, 124.21, 122.94, 122.92, 122.60, 122.58,741919.03,
9.20, 8.75;>'P NMR (202 MHz, CDG) & 21.80, 21.77, 6.34;
HRMS (ESI-MS): Calcd. for GH.gP": 277.1141, Found:
277.1140. Calcd. for gH,,0,P:347.0479, Found:347.0476.

4.18.Ethyltriphenylphosphonium 4-methylbenzenesulforgge (

Yield: 91%; light pink solid; 104-10°%C;*H NMR (500 MHz,
CDCly) & 7.78-7.72 (m, 11H), 7.67-7.64 (m, 6H), 7.05Jck
7.9 Hz, 2H), 3.58-3.51 (m, 2H), 2.29 (s, 3H), 1.30 Jdt 20.1,
7.4 Hz, 3H);"®C NMR (125 MHz, CDGJ)) & 144.39, 138.25,
134.79, 134.77, 133.39, 133.31, 130.41, 130.34,2430128.09,
125.98, 118.25, 117.56, 21.13, 16.06, 15.65, G3M®;*'P NMR
(202 MHz, CDCJ}) & 26.04; HRMS (ESI-MS): Calcd. for
CooHaoP: 291.1297, Found: 291.1297. Calcd. forH@D,S
:171.0121, Found:171.0132.

213.)(‘;)9.Tr|phenyl(propyl)phosphonlum 4-methylbenzenesulfonate 4.24. PClphosphonium salt composites preparation

4.23.Tributyl(methyl)phosphonium 4-methylbenzenesulfonate
(3u)

Yield: 76%; colorless liquid‘H NMR (500 MHz, CDC)) &
7.74 (d,J = 8.0 Hz, 2H), 7.12 (dJ = 7.9 Hz, 2H), 2.33 (s, 3H),
2.25-2.19 (m, 6H), 1.90 (dd= 13.5, 5.1 Hz, 3H), 1.45-1.41 (m,
12H), 0.91 (t,J = 6.8 Hz, 9H);"*C NMR (125 MHz, CDG)) &
142.91, 139.44, 139.42, 128.48, 125.94, 125.9272323.63,
23.48, 23.44, 21.19, 19.92, 19.53, 13.3® NMR (202 MHz,
CDCl) & 31.79; HRMS (ESI-MS): Calcd. for @HsP"
217.2080, Found: 217.2079. Calcd. forHED,;S: 171.0121,
Found: 171.0107.

ald 7704 i . . o1 PC, phosphonium salts and anti-dripping agent (Etiey
MHYZIeIg'DZ:L)/O 8 I|7ggt8_y7e "704W(;0“fi|_})3071§§ 7 62 E\lmMR%'_('?O(; 05 tetrafluoro-ethylene ,ETFE) were dried in vacuumtingadrying
(dd J=81 2.0 Hz 2H.) 354348 &m .ZH) 230 (s, 3H),84:. oven before processing. PC, phosphonium salts difE Bvere
158 (m 2H) 115 (’th =72 1.9 Hz 3I-’|)13C NMR (12’5 MHz  Mixed in a weight ratio of 100:2:0.1 [2 phr (partsper hundreds

of rubber or resin)] in a Haake Rheocord 90 intermaker
(1:3D3C)13()5 8113%44122'113?085,593’ 11351:?21 1133273 iggféﬁéaﬁé}? (Haake, Bersdorff, Germany) at 20 for 10 min. The obtained
118-09’ 23 6'6 ’23 26. Zi o5 '16 ,48 1'6 4;1 15'5m’atslp Nl\'/IR, mixtures were subsequently pressed into sheetsmi3which
(202' I\}IHz' éDC},) 8 2'3 9’0, HRf\/IS '(EéI-MS)' Caled. for could be easily processed into desired sample shape
CHpP":305.1454, Found:305.1454. Calcd. for,H@O;S  4.25.Thermal behaviour of PC/phosphonium salt composites

:171.0121, Found:171.0123. ) . . .
The thermogravimetric analysis (TGA) of PC/phosphaoni

4.20.Isopropyltriphenylphosphonium 4-methylbenzenesutéona salt composites was performed with a NETZSCH TG 209
(3r) thermal analyzer at a heating rate of 20/min and the
Yield: 82%; white solid; 191-195C; 'H NMR (500 MHz, temperature ranged from 50 to 800°C. TGA was carried out in

CDCl,) 5 7.94-7.88 (m, 8H), 7.75-7.64 (m, 9H), 7.12J& 7.8 N, atmosphere, and specimen mass for TGA was 5 mg.

Hz, 2H), 5.03-4.96 (m, 1H), 2.32 @~ 3.1 Hz, 3H), 1.31 (ddl  4.26.Flame retardancy of PC/ phosphonium salt composites

= 19.0, 6.8 Hz, 6H)"C NMR (125 MHz, CDG)) § 144.44, . . .
138.54, 134.55, 134.53, 133.83, 133.75, 130.40,313028.33, 1 ne limiting oxygen index (LOI) values were testedusing
126.17, 118.04. 117.38, 21.26, 20.46, 20.09, 1618119; *p  an HC-2 type instrument (Nanjing Jiangning Analytical

NMR (202 MHz, CDCJ)) 5 31.90; HRMS (ESI-MS): Calcd. for Instrument Factory, China) on the sheets of 120«®.0nT
C,H,P": 305.1454, Found: 305.1453. Calcd. forHQD,S: according to ASTM D2863-77. The vertical burning mgti{UL-
171.0121. Found: 171.0124. ' ' ' °>" 94) was tested by using a CZF-1 type instrument (Ngnj

Analytical Instrument Factory, China) on the sheatf
127x12.7x3 mrhaccording to ANSI/UL-94.
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An efficient and practical approach to phosphonium salts has been developed. By the reaction of
phosphines and different acid sources with orthoformates in one-step operation, the process
allowed rapid access to phosphonium salts with diverse counterions in high yield after the
purification by recrystallization. Some phosphonium salts have been applied as flame retardant in

polycarbonate.
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