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1. Introduction
Possible synthetic routes to phosphinates

\P/o ROH
7\ N
Cl 7N
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ROH
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ROH
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\ MW/PTC
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2. The synthesis of ring phosphinates and related derivatives
2.1. Ring phosphinates via the corresponding phosphinic chlorides

R? R’ R2 R’ R'| R? | R3/Ar | Ref.
= ROH = H| H Ph | 1
> H H B 2 .
P or %0 S M H Mn 3 1. K. Moedritzer et al. Phosphorus,
o~ cI ArOH 0~ "OR3/Ar e e
Me Me Me 3 Sulfur. 9, 293 (1981)
QD 2. M. G. Mulkerrica et al. US Pat.
SOCIl, | CH,.CI, ;NO/ R30 | ref. 4 Appl. 20050084488 (2005).
3. G. Keglevich et al. J. Org. Chem.
RZ R 52, 3983 (1987).
Z S H,0 2 S Z § 4. G. Keglevich et al. Heteroat. Chem.
e -~
_P + 1,419 (1990).
0” “OH Br”
Br PBrj
Me Me
OAc ArOH OAc
> 5. M. Yumashita et al. Heterocycl. Commun. 6, 291 (2000).
¢ OAc Ar = 4-NO,Ph N ¢ OAc
o’ ¢l ref. 5 0~ OAr
O - O
P Ar = 2,4,6-triPrPh P 6. G. Keglevich et al. Synth. Commun. 34, 4159 (2004).

ZAY Z
(o] Cl ref. 6 (o] OAr




2.2.

The esterification of ring phosphinic acids in the presence

of the T3P® reagent

R Me 25°C, t R! Me
- 1) T3P® (1.1 equiv.)/EtOAc -
. ) ( ‘;I ) . 7 ] < \E o
2) R20H — -
0” “oH ) 0" “oR? Tape= O 1T
Oo. _O
R'=H, Me PN
R? = Me, Et, Pr, 'Pr, Bu, ‘Bu, SBu, Pent, ‘Pent, 3-pentyl, “Hexyl, Pr
Bn, menthyl
Rl=H t (h) Yield (%) Rationalization:
with primary alcohols 0.5 77 — 95 usmg primary alcohols, 0.67 equiv. of the
With secondary alcohols >_3 76 — o1 T3P CI)S enough if the reaction is carried out
at 80 °C on MW irradiation.
Me 25°C Me
1) T3P®/EtOAc e .
(PS p—— > ZPS Active intermediate:
u
o” “OH ) o” “oBu ) .
70%
1:1 mixture of two isomers O
P //
Me Me 25°C Me, Me Me o’ \O’T\Pr
®
7\_/& 1) T3P®/EtOAC _ / < . 7 < H R Pr\P/o
P 2) BuOH P P Ox S
0” “oH ) BUO 0" YoBu 0" “OBu ; Py’ ©
r
3:2 mixture of b B4 and B, ) g
two isomers 3:1:1 mixture of three isomers

= E. Jablonkai, M. Milen, L. Drahos, G. Keglevich, Tetrahedron Lett. 54, 5873 (2013). 6
= E. Jablonkai, R. Henyecz, M. Milen, J. Koti, L. Drahos, G. Keglevich, Tetrahedron 70, 8280 (2014).
= P. Abranyi-Balogh, E. Jablonkai, R. Henyecz, M. Milen, G. Keglevich, Curr. Org. Chem. 20, 1135 (2016).



2.3.

Alkylating esterification of ring phosphinic acids

MW
100°C/1h
R Me TEBAC Rl  Me
— K2C03 (l eq) —
2 ; + R2X - 2 ; Yield > 94%
O//P\OH no solvent O//P\ORZ

Rl =H, Me R2X = Etl, "PrBr, 'PrBr, "BuBr, BnBr

MW
RL Me 100°C/1.5h R1 Me
TEBAC
K,CO3
+ "BuBr > Yield > 95%
P _ no solvent R
O/ OH (1.2 equiv.) O/ o"BU
Rl1=H, Me Rl | Composition
H 1:1 mixture of
two isomers
Me | 3:1:1 mixture of
three isomers
MW
100°C/1h
Me TEBAC Me
K,CO3
+ "BuBr Sp—— > Yield: 73%
O//P\OH (1.2 equiv.) O/)D%'O”Bu

1:1 mixture of
two isomers

in case of alkyl halides
with normal reactivity
the combined use of PTC
and MW is advantageous

synergic
effect!

in case of alkyl halides
with increased reactivity
MW is enough

= E. Balint, E. Jablonkai, M. Balint, G. Keglevich, Heteroatom Chem. 21, 211 (2010).
= G. Keglevich, E. Balint, N. Z. Kiss, E. Jablonkai, L. Hegedus, A. Grln, |. Greiner, Curr. Org. Chem. 15, 1802 (2011).
= G. Keglevich, A. Grln, E. Balint, Curr. Org. Synth. 10, 751 (2013).



2.4. MW-assisted direct esterification of ring phosphinic acids —
Reactions that are reluctant on conventional heating

2.4.1. Esterification of 1-hydroxy-3-phospholene 1-oxides

A) with BuOH
R Me Conversion in % Specia|
Z_S 200 °C/8 bar/2 h R A MW MW
BuOH
0% “oH AN : H |17 | 58 effect!
Me | 11 | 29
R =H, Me
B) with longer carbon atom chain alcohols
R1 Me MW R1 Me
Z=§ 220-235 °C/1-1.5 bar/2-4 h Z=S conversion: 80-100%
2 ) -
P + ROH > P yield: 57-95%
0% “OH (15 equiv.) 0% “OR?
R'=H,Me R?="CgzHy, ‘CsHqy, "CgHy7, ‘CgHy7, C1oHps

N. Z. Kiss, K. Ludanyi, L. Drahos, G. Keglevich, Synthetic Commun. 39, 2392 (2009).

G. Keglevich, E. Balint, N. Z. Kiss, E. Jablonkai, L. Hegeds, A. Grun, I. Greiner, Curr. Org. Chem. 15, 1802 (2011).
G. Keglevich, N. Z. Kiss, Z. Mucsi, T. Kortvélyesi, Org. Biomol. Chem. 10, 2011 (2012).

N. Z. Kiss, E. Bottger, L. Drahos, G. Keglevich, Heteroatom Chem. 24, 283 (2013).



2.4.2. Extension: Direct esterification of hydroxy-phospholane oxides
and a hydroxy-1,2,3,4,5,6-hexahydrophosphinine oxide

Me MW Me
220-235°C/3-4 h )
+ ROH - . yield: 59-86%
P -z
0% “OH 0~ MOoR

1:1 mixture of 2 diastereomers
R ="CsH11, 'CsH11, "CgH17, 'CgH17

Me Me MW
220-235 °C/4-6 h _
+ ROH yield: 50-72%
P
0% SOH o7 ~oR
2:1 mixture of 2 isomers aracemate 2 diastereomers
R = as above 68:17:15 mixture of 3isomers
Me MW Me
235°C/4-6h ]
+ ROH > yield: 54/62%
P P.
0% “OH 0% “OR
R = "CgHy7, 'CgH17 68:32 mixture of 2 diastereomers
Order of reactivity: ‘ ‘ ‘ ‘ ‘ (j/
o~ \OH 0" o o/ \OH o“ Non o \OH
= G. Keglevich, N. Z. Kiss, Z. Mucsi, T. Kortvélyesi, Org. Biomol. Chem. 10, 2011 (2012). 9
= N. Z. Kiss, E. Bottger, L. Drahos, G. Keglevich, Heteroatom Chem. 24, 283 (2013).



3. Improvement and extension of the MW-assisted direct esterifications

3.1. Direct esterification in the presence of an ionic liquid

3.1.1. Esterification of 1-hydroxy-3-methyl-3-phospholene 1-oxide in the
presence of 10% of [omim][PF,] as a catalyst

Me [bmi':l\;\[’PFs] Me The IL exerts a pronounced
<=S + ROH Tipit <=§ enhancing effect on the
OéP\OH (15 eq.) - H0 OéP\OR courage of the esterification.
R | pmim][PF | T ¢C) | p (oar) | t(h) | ©° ”“‘,’I?,{,S('Xf) ) | Vield (@)
Et - 160 17 4 38 30
Et 10% 160 17 3 86 60
nPr - 180 15.5 4 40 30
"Pr 10% 180 15.5 3 98 68
"Bu - 200 16 2 62 (11) 58
"Bu 10% 180 14 0.5 90 (19) 83
"Pent - 220 9 2.5 100 82
"Pent 10% 180 5 0.5 100 (52) 94
'Oct - 220 3 1 100 (28) 76
'Oct 10% 180 2 0.33 100 (75) 84
*Comparative thermal experiment. 10

N. Z. Kiss, G. Keglevich, Tetrahedron Lett. 57, 971 (2016).



3.1.2. Extension: Direct esterification of cyclic phosphinic acids A-D
in the presence of [omim][PF,] using n-pentanol

MW
O [bmim][PFg]
Tiplt
>Pl + PentOH >
0~ “OH
Me Me

O

®,

O// \OPent

Me O/M(e
D

Ring : Conversion | . Ratio of :
substituent [omim][PFg] | T (°C) | p (bar) | t (h) (%) dlaste(g/?;mers Yield (%)
A - 235 11 3 90 67
A 10% 200 6 1 95 72
B - 235 11 3 ~85 50 - 50 79
B 10% 220 9 1 ~100 52 - 48 89
C - 235 11 5 ~72 70-15-15 60
C 10% 220 2 ~95 65—-18-17 84
D - 220 9 4 ~45 50 - 50 31
D 10% 200 9 2 ~60 50 - 50 42
11

N. Z. Kiss, G. Keglevich, Tetrahedron Lett. 57, 971 (2016).




3.2. Direct esterification of 1-hydroxy-3-methyl-3-phospholene 1-oxide

with phenol derivatives in the presence of [omim][PFg]

In general, the direct esterification of phosphinic acids with substituted phenols is
iImpossible. We could elaborate a method under MW irradiation in the presence of ILs.

MW
OH 160-180 °C
Me 20-60 min Me Me
j_ [bmim][PF¢] (10%) =
+ " ; > P + P\ (by-product)
2 e 0% Yo 0% Yo
0% “OH ! \©\ NAr
Y = H, 4-MeO, 4-'Bu, 4-Me, 4-Cl, 4-Br A Y B
Ratio: 85-100% 0-15%

Yield: 52-64%

= G. Keglevich, N. Z. Kiss, E. Balint, E. Jablonkai, A. Griin, M. Milen, D. Frigyes, |. Greiner, Phosphorus, Sulfur,
Silicon 186, 802 (2011).
= N. Z. Kiss, Z. Radai, |. Tihanyi, T. Szabd, G. Keglevich, submitted for publication.

12



3.3. Extension to phosphonic acids: direct esterification of phenyl-
phosphonic acid

o) o) The efficiency is very low!

I ROH Il . .
Ph—IID—OH e Ph—IID—OR Efforts for a better accomplishment is in

OH OR process.

Preparing dialkyl phenylphosphonates according to another protocol:

COOOH
MW @\ MW
@ 160-190 °C/1-7 bar/30 min Q Q 220-235 °C/2-15 bar/6 h Q
P//O ROH . |:,//O Cl I:’//0 ROH (15 equiv.) N P</O
W \OH 7 \OR CH,CI, 57 \OR RO “OR
R = "Bu, "Pen, Pen, "Oct, ‘Oct 25-62%

N. Z. Kiss, Z. Mucsi, E. Bottger, L. Drahos, G. Keglevich, Curr. Org. Synth. 11, 767 (2014).

13



4. Summary of the esterification of phosphinic acids

\P//o ROH
VS ~
Cl —N
T3P®
ROH
o)
/ — >
MW OR
\P//o ROH
" “oH
MW / PTC
RX
K,CO3

G. Keglevich, N. Z. Kiss, Z. Mucsi, E. Jablonkai, E. Balint, Green Process. Synth. 3, 103 (2014).

N. Z. Kiss, G. Keglevich, Current Org. Chem. 18, 2673 (2014).

G. Keglevich, N. Z. Kiss, Z. Mucsi, Chem. Sci. J. 5, 1000088 (2014). doi: 10.4172/2150-3494.1000088.
N. Z. Kiss, R. Henyecz, E. Jablonkai, G. Keglevich, Synth. Commun. 46,766 (2016).

14



Comparison of the synthesis of phosphinates from “green” chemical point of view

A B C D
0 MW MW o
O 0] T3P 7 @) PTC est
B2 +ROH—> | 3P +ROH—» P<0|-|+ ROH == [ 7 LR ——
7 =N |7 TOH (cat) |7 OH K2CO3
Starting materials a g'ood. a g.ood. C,B
combination combination
Additional reagent - K,CO;, C
By-product HCI/BN . HCl H,O KX, H,0, CO, C
Atomic efficiency medium medium C
Reaction
> —
temperature (°C) =RT 100-120 B, A
Reaction time (t) ~1-4 0.5-3 0.5-3 1-3 not relevant
Yield (%) ~ 90 76-95 60-94 73-96 not really
relevant
— best choice of
— low reaction reagents
temperature low reaction — no by-product :
AENEITEYE — industrial temperature (beyond water) XS e
relevance — good atomic
efficiency

Overall laboratory 4 1/2 112 3
order of :
preference |industry 1 2 3/4 3/4

15



A case study on the preparation of butyl methyl-phenylphosphinate

110 °C
"BuOH Yield

(0] NEt3
I
Ph—||°—Cl PhMe

Me ®
1.) T3P/EtOAc LS U .

- 1.1 equiv. 25°C 1h 81%
/ 2)BBUOH 0.66 equiv. 85°C-MW 0.5h 80%
o

I
Ph—P—OH MW '|°
I\Ille 180 °C/1.5 h Me
[bmim][PF¢] (10%)
"BuOH

93%

73%

MW
100°C Base TEBAC Solvent t

n
=i K,CO; 5% MeCN 2h 89%
NEt; or TEBAC/K,CO;/MeCN Et;N - _  05h 89%

N. Z. Kiss, R. Henyecz, E. Jablonkai, G. Keglevich, Synth. Commun. 46, 766 (2016).

16



5.1.

Theoretical aspects: mechanism, energetics, scope and limitation of

the application of MWs
Possible mechanisms for the direct esterification of phosphinic acids

= N. Z. Kiss, G. Keglevich, Curr. Org.
Chem. 18, 2673 (2014).

= G. Keglevich, N. Z. Kiss, Z. Mucsi,
Chem. Sci. J. 5, 1000088 (2014).
doi: 10.4172/2150-3494.1000088.

"9 ®_O0—R
>p—oH —— >p(
(4 - H0 OH
OH,
®

@ 17



5.2. Energetics of selected phosphinic acid derivatizations
5.2.1. MW-assisted direct esterification of 1-hydroxy-3-methyl-

3-phospholene oxide
5.2.1.1. Energy profile evaluated on the basis (B3LYP/6-31++G(d,p))

calculations

The esterification of acetic
acid as a comparison

AH (kJ mol~1) AH (kJ mol~?1)
A A
//O //O M
MeC_ +MeOH =——= MeC_  +H,0 €
OH OMe |
Ho—clt—OH
Me—O---H

reaction coordinate reaction coordinate

G. Keglevich, N. Z. Kiss, Z. Mucsi, T. Kértvélyesi, Org. Biomol. Chem. 10, 2011 (2012).

18



5.2.1.2. Mechanism for the esterification of 1-hydroxy-3-phospholene oxide
calculated by the explicit-implicit solvent model using the
B3LYP/6-31G(d,p) method
Dependence of the enthalpy of activation values on the substituents

R!' Me Me\b
P

R1

e
P\
> >
R! =
Me

R1 R? AH# (kJ mol-1) | AH? (kJ mol-?)
H Bu 135.0 0.8
Me Bu 138.8 0.8
H 'Oct 130.2 0.8
Me 'Oct 134.4 0.9

B3LYP/6-31G(d,p)//PCM(MeOH)

Z. Mucsi, N. Z. Kiss, G. Keglevich, RSC Adv. 4, 11948 (2014).

19



5.2.2. MW-assisted esterification of 1-hydroxy-3-methyl-3-phospholene
1-oxide with a thioalcohol; Energetics calculated by the
B3LYP/6-31++G(d,p) method

MW
Me 200 °C Me
(:S "BuSH —
e
P _ P
0% “oH H0 0% “s'Bu
~ 33% conversion
Enthalpy profile for the esterification with thiobutanol Comparison esterification
with butanol
Transition state AH (kJ mol™) AH (kJ mol™Y)
A A
Me Me
<PS + "BUOH —> (PS
0% “OH 0% “o"Bu
_ AH*=14514

_ AH*=1017

/

/

reaction coordinate reaction coordinate

20

G. Keglevich, N. Z. Kiss, L. Drahos, T. Kortvélyesi, Tetrahedron Lett. 54, 466 (2013).



5.2.3. MW-assisted amidation of cyclic phosphinic acids; Energetics
calculated by the B3LYP/6-31++G(d,p) method

Me
P
0% “OH

26°C | ch,cl,
socl,

Me

P
0% cl

MW
220°C/~7 bar/2 h
RNH,

~"

P
“ “NHR

26°C o?

RNH,
Et;N

PhMe
R = n-hexyl, c-hexyl, Bn

AH (kJ mol~1)
A Me
~27% yield L 5 ; + NH,CgHpg — ¢ ;
(~33% conversion) 0~ “oH —H20 o~ \NHC6H12
_ AH*=79.4
~80% yield
AH® = 32.6

”Phosphimides” as by-products or as exclusive
products — Variation of the imide formation

Me
P
/' '\
0~ "NHR

Me Me Me
S — O30
i 7> gz/ o
R2 = "Hex, ¢Hex, Bu

R1 Me = Me
ZPS +YP/Y > Z S Y\P/Y
2R / N TN
o” “NHR2 07 ¢ o N No
R2
Rl =H, Me
R? = Bu, Bn

Y = Ph, EtO, PhO

N. Z. Kiss, A. Simon, L. Drahos, K. Huben, S. Jankovski, G. Keglevich, Synthesis 45, 199 (2013).
N. Z. Kiss, Z. Radai, Z. Mucsi, G. Keglevich, Heteroatom Chem. 26, 134 (2015).

21
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5.2.4. Explanation for the effect of MWs — Scope and limitations
for the use of MWs

% The role of microwave is to enhance reactions with higher (=100 kJ mol-!) enthalpy of
activation. The MW assistance is optimal for thermoneutral reactions. Endothermicity
works against the beneficial effect of MWs.

% This is possible due to the statistically occurring local overheating effect (that may be in
the range of 1-60 °C) in the bulk of the reaction mixture. Assuming an overheated
segment of 5-40%, the effect is significant!

= G. Keglevich, N. Z. Kiss, A. Grun, E. Balint, T. Kovacs, Synthesis 49, 3069 (2017).
= G. Keglevich, Z. Mucsi, In: Microwave Chemistry; Cravotto, G.; Carnaroglio, D., Eds.; De Gruyter: Berlin, 2017, Ch. 4, in press.

22



6. Modelling and calculating of the effect of local overheatings
6.1. Principles

Arrhenius equation:

_AH*
k=A.e RT
AH*#: activation enthalpy (kJ mol-2)

T: reaction temperature
R: universal gas constant

A V,, = total volume
Koy =A-e Tl Viuik oOH
bulk = u '
AR ‘ K overan = Ky + Z
V,
RTh, ,‘,
_ koverall

the increase may be characterized by kre =

kbulk

23



Modelling the thermal effect of MWs by assuming an exponential relationship
between (Vg / V) and (To—=T,u) @nd calculating the rate enhancing effect

MW=«

Vourct, - -
(<}
Thu" N

V, = total volume

6.2. Modelling

The volume percentage (Vg /Vy) —overheating (Tog—=Tpui)
relationships assumed in the overheated segments of 5-50%

20 A B C

18 95 0.404 946 1317

16 90 0.965 89.0 1.494

14 80 2.054 77.9 1.865
S 70 3192 66.8 2.211
= 460 3.209 56.8 3.770
> 10 50 4.238 45.6 4.500
5 8 Vou/V, = A expl~(Toy=Tpul/Bl + C
= 6

4

2

0

5 10 15 20 25 30 35 40 45 50 655 60
Ton = Toui (°C)

= G. Keglevich, I. Greiner, Z. Mucsi, Curr. Org. Chem. 19, 1436 (2015).
= G. Keglevich, N. Z. Kiss, Z. Mucsi, Pure Appl. Chem. 88, 931 (2016).
= G. Keglevich, N. Z. Kiss, Z. Mucsi, Curr. Phys. Chem. 6, 307 (2016).



6.3 The accelerating effect of local overheatings

o?>

Me
200 °C/8 bar/2 h

BuOH

Me

-

OH

P
0” NoBu

Tbulk = 200 OC; AH?* = 135.0 kJ mol-!

k=A.-e RT

_AH

Dependence of the relative rate enhancement (k,.) on the overheated segment (Vou/V,)
assuming an exponential distribution of the Ty = Tyui

Model Reference A B C D E F G H Overall

(Vbui/ Vo) (bulk) effect (K
TorThui (°C) 0 0 5 10 20 30 40 50 60

(95I%) Von/Vo (%) 0 0 25 | 11 | 06 | 032 | 0.2 |0.155 |0.125
K, 1.00 0.95 | 0.04 | 0.02 | 0.03 | 003 | 0.03 | 0.05 | 0.07 | £=1.20
TorThui (°C) 0 0 5 10 20 30 40 50 60

(g(l)l%) Von/Vo (%) 0 0 4 25 | 1.4 | 08 | 055 | 04 | 035
K, 1.00 0.90 | 0.06 | 0.05 | 0.06 | 0.07 | 0.09 | 0.12 | 0.19 | =153
TorThui (°C) 0 0 5 10 20 30 40 50 60

(83!%,) Von/Vo (%) 0 0 7 48 | 33 | 22 | 1.3 | 08 | 06
K, 1.00 0.80 | 0.10 | 0.10 | 0.14 | 0.18 | 020 | 0.24 | 0.32 | £=2.08
Tor=Thu (°C) 0 0 5 10 20 30 40 50 60

(732/0) Von/Vo (%) 0 0 9.5 7 5 35 [ 25 | 15 1
K. 1.00 070 | 0.14 | 015 | 0.21 | 029 | 0.39 | 044 | 054 | £=285
Tor=Thux (°C) 0 0 5 10 20 30 40 50 60

(6(\3/0/0) Vou/Vo (%) 0 0 165 | 96 | 52 [ 34 [ 24 | 170 [ 1.2
K. 1.00 0.60 | 024 | 020 | 022 | 028 | 0.38 | 050 | 0.64 | Z=3.06
Tor=Thui (°C) 0 0 5 10 20 30 40 50 60

(5\(;!/0) Von!Vo (%) 0 0 182 [ 102 | 71 | 56 | 41 | 29 | 19
K., 1.00 050 | 0.26 | 021 | 0.30 | 046 | 0.65 | 085 | 1.02 | £=4.26

G. Keglevich, I. Greiner, Z. Mucsi, Curr. Org. Chem. 19, 1436 (2015).

25



6.4. Calculation of the experimental

rate enhancement

the relationships
utilized

1.) pseudo first order kinetic
equation

IN[(100 —x)/100]
T

where Kk’: pseudo first order
rate constant
X: conversion
t: time

k'=B-

2.) Arrhenius equation

AH?

k=A.e RT

where k: rate constant
AH*: enthalpy of
activation
T. temperature
R: universal gas
constant

Me Me
200 °C/8 bar/2 h
3 mei ]
0% “oH 0% “oBu
the data the calculated
used parameters
T.et =200 °C t(h) | x (%)
A reacti 2 17 k"™
reaction exp __ _
kel ==z =310
MW reaction 3 58
AH# = 135.0 kJ mol-! TMW = 215.2 °C
(obtained by quantum chemical A=232
catleu oLy, K& = 25910551
TA =200 °C kMW = 8 03-105s-1
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7. A study on the conformation of cyclic phosphinic acids and their esters
(that were starting materials and products in the previous study.)

7.1. Conformational equilibrium and relative energies for
1-substituted-3,4-dimethyl-phospholane oxides

B3LYP/6-311g++(2d,2p)

@ AH (kJ mol™)
R—O a R| Aa A-b
\p -— H 0 0 conformational
e

Me 0 -1.1 equilibrium

The P-center A-a
remains

R—O a
Npo—A\
/)
o/
A-b
unchanged! B < R—O e R| Ba B-b
Pq\ —= PCA\ —0.46 -0.46 conformational
% a /Y a
o o
B-a B-b
R—O a
P
/ a
C-b
%
R—O
p
/ a
0/
D-b

-0.3 -1.6 equilibrium

R| ca Cb

R—O
\p& -— H | -81 09 a shifted
& € Me | -81 0.0 equilibrium
C-a
R| Da D-b
R—O <‘Ae/ . H | -81 0.9 a shifted
//P e - Me | -9.3 1.2 equilibrium
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Forbidden conformational/configurational changes for the cis forms of
1-hydroxy-3,4-dimethyl-phospholane oxide

R—0 a R—O a
/P p /S
e
o/ 0/
A-a A-b
The P-centers
may not undergo
a configurational
change
o) a o) a
\ \
> rAe
e
R—O R—O
B-a B-b

28



HC-HCMe-HCMe-CH dihedral (°)

00 03

0.6

0.9
=0---H--O- bond length (Angstrom)

*2

0.000
7.000
14.00
21.00
28.00
35.00
42.00
49.00
56.00
63.00
70.00
77.00
84.00
91.00
98.00
105.0
m 112.0
119.0
126.0
133.0
140.0
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7.2. Conformational situation for 1-substituted
3-methyl-1,2,3,4,5,6-hexahydrophosphinine 1-oxides

i
[~7 _ . |Ro RO oR ! OR RO, ' OR
RO, — PR — | R — R — | —
2 % . P. =R
5 e e N =~ A2 X o=R—\
A-a A-TS-a A-b A-TS-b A-c A-TS-c A-d
o/ ~7 % —/ ' 2 o ! 2 o, ! 0
\Y N
N - P R — R — R —> ,PC< — _P
ZR RO’ RO 5 RO \—~F ro" o/ RO RO
C-a C-TS-a C-b C-TS-b C-c C-TS-c Cc-d

R = H (5), Me (6)

0 For isomers A and C of compound 5:
6 40
A-a A-d TS-c
35
R @ £
RO 3
B-a B-d =
2
O\\Pm R, /9\/ E 20 5A
| - o \/Q (3) = \
R/O [«}] 15 - 5C
C-a C-d S L 11.1
R. ® 10 == 10.4
(I) /O\ //\\‘ﬂ o d
- —= R P (4) -4
o R—" 5 :
D-a D-d 4 1.6
0 0.0 T T
R =H (5), Me (6) a Conformation
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8. Summary / Conclusions

» From among the possible methods for the synthesis of phosphinates,
the MW-assisted direct esterification of phosphinic acids is the most
favourable. A suitable ionic liquid catalyst allows lower temperatures,
shorter reaction times, and higher yields.

» Our experiences suggest that MW irradiation may be useful for
thermoneutral reactions with high enthalpy of activation.
Endothermicity works against complete conversion.

» The distribution of the beneficial local overheatings was modeled by an
exponential function, and the extent of the rate enhancement was
predicted by the Arrhenius equation.
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