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! o] o] o]
P P P : P P P
LA < AR~ <A A
phosphinediamine phosphonamidite phosphonite! phosphonate phosphonamidate phosphonamide
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+ oxidation state +5, +4, +3, +2, +1, 0, -1, -2, -3
« traditionally both +3 and -3 are written as (ll1)
+ 13/25th most abundant element on the earth . ; o
« but extremely rare outside of our solar system Ligands in Transition Metal

Synthesis (Malins, 2016)
P-Stereogenic Compounds
(Rosen, 2014)

Catalysis (Farmer, 2016)
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Low-Coordinate Low Oxidation State P tBu o tBu Me R Me Me
phosphaalkyne A pivCl RoN. 11l r P\i;P
cl  PTMS; TMS ~ OTMS NaOH R = tBu Ny «— ONe-N -
o }\"S NR, then Na/Hg tBu N, I/(
{Bu tBu  5x10° mbar, 160 °C R:N-7°NR, Me
95% RoN Me
0 1. Tf,0
RN-NB._ 2.A
9 1. LAH R = Me 2R2l\i NR; »
Eto- P ﬂ» IHP—-—I _ »| p— p || <«— recyclable Me
B Xy J. Chem. Soc. Chem. = JACS. 2000, 13916.
Commun. 1992, 415.
. PPh;
JACS. 2012, 134, 13978. 20-80°C PJ\R Pph3 1. Me,NPCl, Mg
JACS. 2014, 13586. 2 HCI
JACS. 2018, 17985.: P3! nuclear spin- O O O
: . _ _ R #H, tBu
rotation coupling (J = 0+1) (R = Me)
R’ ph tBu O—N o-N
R' tBu _.® @
. Ph—=N=0~ \
R\él - XJ ’ ﬁl R %P* >~ v tBu/k
.\\tBU e
R [2+1] then c1-'~ci )\ J\ )\ 100 °C, 14 days
X 1,3-X shift Cl P tBu
; )'\ A =N
R P” R TS
[~ tB
>=F( A@B—Ce TS\ )\u tBu
At [2+3] p 2TsNs Nep~Xp \%
? * R N J\N y\
AorZr ca’t> o Ip’ ! \\"‘J:\P/)\tB tBu tBu
— R vay S
— = P tBu ||
>_€< (o] R N.
y S L Ts Ts
(= o X ACIE. 1984, 900. S _
P>\ ene > | _ Weidner. S (2002) PhD thesis, University of Kaiserslautern
P
R
Chem. Rev. 1990, 191. Chem. Rev. 1990, 191. —
LM g JACS. 1982, 4484. ACIE. 1987, 1257. ACIE 1989, A\ Ets Ets N
= ML, [2+2] 225. Phosphorus Sulfur. 1987, 479. Bull. Soc. Chem. Br Br o P B o P
)P:'( - Fr. 1995, 652. Synthesis. 1998, 125. ACIE. 1986, b THF 5°C g/ rTHF 40°C -
e M=Co, Rh, Hf, Zr  644. ACIE, 1988. 1157. Chem. Ber. 1988, 637. ACIE. _ _P_ __ TL 1989 817

1995, 2227. ACIE. 1998, 1233. Chem. Eur. J. 2000,
4558. ACIE. 1989, 1013. ACIE. 1992, 758.

Polyhedron. 1990, 991
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Phosphide Anion 120((:), 184% c
o@ A  thermal process Cla o Phosshosus Ireductlon of energy inputs
-0 © 0 HSICls (neat) versatile 1 Mtry Py chemicals ess waste
O:T T\O = II _ P@ organophosphorus white phosphorus * no elemental P
%P,O 0*"™02110°C, 721 €SI “SiCly pracursor + no Cl, oxidation
0’ Y0 :3TBA-2H,0 5% gram scale Cas(PO,)5X

|
6 HoSO4

Ph apatite this work [P(SiCl,),]
1. [TBALP;0q2H,0,  © _C,J‘\/ \/\) 1

HSICl3, 64% (one-pot) H,P _» Cy
/\J > o L3 H,PO, [TBAJ,[P,0.].2H,0
Ph 2. H202 Ph HOZC 90p|\/|t/y phosphoric acid TBA trimetaphosphate
fosino r|I
original prep: 4-phenyl-1-butene, HzPO,, AIBN, 93% P a'?g Mr(ggg?
contaminated w/ 2% anti-Markovnikov regioisomer 34 \
g Oct—C| ———  » Oct—PH, > NaP0
OPRD. 1997, 315. Science 2018, 1383. JACS. 2019, 6375. HSICl,, 110 °C sodium trimetaphosphate  JACS. 2019, 6375.
P-P bonds for detail see; Corbridge, D. E. C. Phosphorus: Chemistry, E Low-Coordinate Hypervalent Phosphorus useful reviews

JACS. 1987, 627.

Biochemistry and Technology, 6th ed.; CRC Press
Chem. Rev. 1994 1215.

® JACS. 2014, 13586. 10-P3 not observed R stable

P,CI 1. AICI3
2 LAH A lo)
O P(OMe | H  BHyDMS | -
5°/o For P, surrogate also see; NH > o

Science 2006, 1276.
Inorg. Chem. 2007, 7387.
P37 ACIE. 2010, 1595.

recall: phosphaalkyne precursor

o TIPS ! tBu T
tBu- Nlll) : o =0 o
N" /"N tBu 4 | o) AL | ifX=O0R_ |
Bu” A A " TIPS ' N—P —» @ 2 X P
o Ar " Phospha-Witig P~ PMo(NItBulAr)q TIPS, ! | < l\.
P ﬁ PR A o \ o reductive \ 0 0
I tBu, Mo, _tBu TIPS]; elimination
tBu Mo tB N TN~ 1 tBu tB it X =H tBu stable if tBu
NN BN JACS. 2009, 8764.1 X = H, NHR
tBu- | A . , . ./
N | r : ey R
1 b o AL
1 4, e T- .
hv Rp Me RASA - strongly reducing N_p{ iPrOH oip
A —_— \E\é—M %IP=P| . + formally dianionic P 60 /™ N—P) 1er
PP V hex, DMSO S € ' “3; 5 StBU - pseudo-TBP < |‘H
P Mée Me 15% (34% brsm) m : P- e
o ACIE. 2010, 7516. . w/o unsaturation 0

N—P
| YOMe jnstead BH; adduct |\.'
dimer was isolated o
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no |‘H
reductive ~ \
elimination o

tBu
O R
NHR 7| don, P
ADPO —— |  N—PX ‘H4 “N.
. I ~H
first-order w/ \ | .
ADPO, [NH,R]? o RHN
tBu a
tBu tBu
o
Ph
_< NHZBn 2/7 N~

|
N—P
|

|‘H Me “H
g’ NH2|Pr \ 0 Ar =

Bu

other oxidative addition react|V|ties of ADPO JACS. 2014, 16764
tBu cl
09 ci
/ | QLF cl
N—P;“F CF, o
\ | o, | cl
o) tBus(\Q,lr —O0
tBu g O F tBu—<\>N
w/ F CF, w/ o-chloranil w/ F3C CF3
Heteroat. Chem 1993, 213. JACS. 1987, 627. JACS. 1987, 627.
tBu
(0] , fo) spiro conjugation
N— /P'u,o || /| CFs AN ||=“‘\
o o — s
FsC™ \( &F, [2+3] N—-PL = CF,

CF3 Bu

CF
SratBu g\,l CE ’ @2}3 fa
w/ F3C————CF; A o~'s tBu

JACS. 1987, 627. tBu

JACS. 1967, 5208. S = 20% of planar system

Phosphenium Cation; Chem. Rev. 1985 367.

CHZOH
@/ I @/
BF

*  CH,0

Me Me

stepwise o R= ;Ir
oxidative . 2,6-diiPrCgH
addition o o

|
>—N—H
Ar
P(P\:,,,,N/ NH, ,/ NH,
A — P-P
rt
tBu tBu X N\AI‘
2,6-diiPrCqH, tBy

JACS. 2014, 4640.

D,y symmetric &t orbitals

BF
4 Me ACIE. 1964, 384.

active reductant

[\ O | Naph [\ Naph
N.® N N €
: P . Me H me
Me Me L mmmcccm e m e — e m ==
cat. 1 mol%, O
N= X, HBpin N~
—>
| 91% H O JACS. 2019, 14083.
N Br 91:1er N Br also see; JACS. 2018, 652.
Phosphine
miscellaneous phosphine synthesis; for more info see GM by Rosen (2014)
tBu Ar
P | R\ R
3RX P~/ p /N\ /N\ —_— T/
Ar Ti tBu benzene, rt R
P’ N 64-97%
tBu” 3,5-Me,Cg4H,4 New J. Chem., 2010, 1533.
R = Ph, Cy, TMS, Ph3Sn Org. Chem. Front 2018, 3421.
1. EtzN
0\ \ Br 2. Hgo . 02Et
“p N
ot C>_ o/ 07! 3 HSCH,CH,SH,
BF3‘Et20
0 S 4. Raney-Ni
B 5. LAH
£g NaOH Ph6. HCI
-
|
P PO
g@ v £@
-€
Tet. 1983, 4225.
® CN
N, chemische berichte,
||=h “Ar NaOMe 1966, 514.
P — ® ——» Ph”
Ph” ~~"SCcN  ph-h
Ph
styrene (10 eq), V|ae

_tBu Me,4NF (15 mol%), tBu

P [FoTHFI[BF,] (10 mol%) [Ph 5

VAN
o, . tB "Fe\ R
73 %, >99:1 dr [ NS I

JACS. 2019, 13336.




Yuzuru Kanda Organophosphorus Chemistry Baran lab Group Meeting

Me Me Me Me 1. PhCCCO,Me NHCbz Ph4P, PhyP-HCIO, [ YHCbz © NHCbz
Me Me PhPX, I A — 2. SS : |:‘/\H/PPh3 B
M — — Ak, R“NCO,H 5 mA, DCM, -30 °C 1 R CHO
Z (+)graphite/(-)graphite TL. 1992, 1347.
r 0
PBus, MeSO4H, TBAB .
phosphol Me Ph COZH/ 3 8 - both non Ar substituted
] = Z "Somaoom e SUbsale and & mombered
eOZC CO,Me CO,Me (+)graphite/(-)graphite CL. 1994, 249.

i
N 0
\ j) o PBug, MeSOgH, OH
Ph R CO,H PhCH,ENCI J. Chem. Soc. chem. commun.
Tsuji- Trost Heck > 1995, 871.
w/Ar=Ph, R =iPr w/Ar=Ph, R =tBu OL. 2000, 2885. 20 mA, DCM, 0 °C =™ Chem. Pharm. Bull, 1997,
94%ee 93%ee (+)graphite/(-)graphite  H {729
Electrochemistry w/ phosphines; Acc. Chem. Res. 1999, 72. cVv Ph—Ph .t observed
P pO P
[lutidinium][X], KoCO4 «® NuX ']l% ph/ Ph TBAI, DMF, (-)Hg ph/ “Ph Ph/ H PPh.=0
Ph=P~pp, > ph—P~ Ph o o aor Ph—P<pp, /H,0, (+)SCE P 3
Ph 20 mA, DCM PH X =H, SiMes, Ac  pH 2.7V Ph—/~Bu
(+)graphite/(-)stainless steel | miscellaneous Ph JACS.1968, 1118.
® o Eox (MeCN, SCE) [V] Me Me mTmmmmmmssssss——---eo--- '
R_ _PPh, ® PPh, 0.95 i Me \ Ph NaH + HTS |
\"/ R PPh; PB : N2 PPh ' i
' Us 0.90 - 3 . >=N N
CHR P(OR)3 1.60 . pf N=PPh :
P(NMe,) 0.91 _— l 3 :
from alkene from Ac enol ether 2)3 . Mé . '
TL. 1985, 2199. one-pot Wittig worked Phosphorus and Sulfur 1980, 55. : non-diazo nucleophiles |
Chem. Pharm. Bull. J. Chem. Soc. Chem. Y TR i e a
1987, 4960. Commun. 1990, 1310 J. Chem. Soc Perkin Trans. 1, 1974, 1794.

conductivity ~ B: HCI Tet. 1976, 1641.
decrease  detect 10" mol% H,O in non basic organic solvent

A: 2Ph,P + CCl, = PhyP=CCl, + Ph3PCl,
Ph3PCl, + H,0 — PhPO + 2HCI
Ph3P=CCl, + 2HCI = [PhzPCHCI,]*CI" + HCI

L-10%

[Siem]

PPh. TMSCI from allyTMS
S 3 hs Chem. Lett. 1987, 1335.
PhMe Chem. Pharm. Bull.
o 150°C / 1990, 2698.

from diketone
Chem. Pharm. Bull. 1988, 613. J. Chem. Soc. Commun. 1988, 874.

Me C8H17 B: 2Ph3P + CC|4 - Ph3P=CC|2 + Ph3PC|2

PhyP, PhyP-HX Me PhyP=CCl, + HCI - [Ph;CHCI,]*CI

_— (IH" ' cl ®
30 mA, DCM, ® A: HC | C: 3Ph4P + CCl, = Ph3PCl, + S)
(+)graphite/(-)Pt PhgPO™ 25 increase ! ? oo PhsP)@\PPh3 ci

HO' 500 1000 t[s:]

Chem. Phar. Bull. 1995, 1076. natureforsch. 1978, 33b, 1205
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phosphine catalysis Wittig and Staudinger type reactivities
Morita Baylis Hillman type reactivities base reductant additive T [°C] ref
useful reviews; Chem. Rev. 2018, 10049. Beilstein J. Org. Chem. 2014, 2089. . —
Me Na.CO~. Ph.SiH _ 100 first cat Wittig
cat. PBus, Z—> 23 2o 2 ACIE. 2009, 6836.
DIPEA,
; Chem. Eur. J.
(p-F-Ph) 3B|CI3 Ph’P\\ DIPEA  Ph,SiH, - 100 2013, 15281
JACS. 2004, 5350. EtsN PhSiH5 EtzHCI 50 OL. 2016, 3758.
for paroxetine  Tet. 2006, 10594. OMe
Oy j : .
for hirsutene P NaOBoc Ph,SiH, - 110

Me02C Me
cat. PBu3 Me0,C H

Me Me

- X

CO,Me

p o~ ¥BBN  Et0,C

Et0,C 9-BBN

Ph

watch out for side reactions

0
/J\ o
Ar —» Ph
o Z H,0, rt, 3 h

ACIE. 2008, 5855,

‘ CO,Me
)

JACS. 2017, 14893.

R'—>

JACS. 2014, 10605.

/\)I\Ar ARKIVOC. 2011, 183.

I

( \ DIPEA  PhSiHg ‘é’;}'ﬁgow rt

N
Bu” ~O

Me I/\Ile
Me——P=0

/ Me
Me Me

DIPEA  PhSiHg - rt

ACIE. 2014, 12907

Chem. Eur. J.
2013,19, 5854.

ACS Catal.
2019, 9237.

Me

Ph_
KT
(4

COEt O

CO,Et
CHO I PhCOgH, HSI(OMe)3 Ar\I
Ar” > CO,Et

CO:Et  phime, 100 °C Chem. Eur. J. 2016, 2458
1. PPhg (5 mol%), TMDS o
o o Ti(OiPr)4 (10 mol%),
PhMe, reflux N
btﬁ‘oms > /|:>
2. TBAF NZ
N3 2

vasicinone OH

Adv. Synth. Catal. 2014, 1098.
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CMBP 72% (120 °C)

100% stereoinversion Ph
pKa =10.2
w/ DIAD 11%

CMBP 75% (110 °C)
J. Nat. Prod. 2017, 2335

\%

oS

Sy

from phosphonate + Tf,0O
phosphonium salt as

09/20/19
Mitsunobu reaction " pKa yield% ; watch out for side reactions Me co,ipr IPro
path a © <10 >80 OMe ' >=N
— 3 A i1 NC NC™ X A _NH \ .
EtO,C  CO,Et productive : Me N 0_ N—CO,iPr
HN-Ng—_ , _RDS D Coipr P
10-13  60-40 : NBoc from ketone M wOH
a ® Et0,C,  CO,Et - DIAD, PPhs, THF, rt eM e
— ! e
A—H R—OPPh; path b HN-N >13 0 v Wittig OL. 2005, 495. from ketone
R ' CMMP, PhMe, rt - 100 °C .
| i dead end ' TL. 2000, 23 OH Puieq 2 h, 7o%
more basic DEAD variants ead en : : , 235. _ )<H PPh,Me, 48 h, 60%
Me Me Me o-— . PhSiH; CO,Me PhsP, 72 h, NRX
Me—< 00 >—Me I J]\ ye . “catalytic Mitsunobu” P(OEt)s, 72 h, NRX
N—4 >\_N N N] @I;l N:| : Chem. Commun., 2006, 1218.
— NN ®N_ N 1 HO,C PR 10 mol%
Me—< N=N >—Me \n/ ;Vl PhgP” \"/ \ ' 2 3 b (10 mol%) fo)
e 1
Me Me 0 o M/ | CL 1994,539. ‘\/ o Bh o
TIPA DHTD  no oxadiazole formation ' PR OH NO,
Ts ! ~ R- N\\ EtOZC NH NO,
OH T MeO,C CO,Me MeN~ : THOF’ MS 5A, Cl 68% (original report)
) MeHN PBus, — 1 70°C,48h 38% (reproduction)
Ph Ka = 11.7 > Ph ' (10 mol%
pra = benzene, 100 OC, 67% not reproducib|e : 10 mol /o) 02
MeO,C  COMe o pR, E10,C - CO-Et : Me\‘/c°2Et as above 92N ~COEt 4o, vield, 129% inversion
= ~> : & —> & = 0.5% Mitsunobu product
BusP ® Tsunoda reagent Ph ! -
R = Bu: CMBP pKa = 13.3 : original report; ACIE. 2015, 13041.
Me: CMMP w/ DEAD 2% , Catalytic Mitsunobu HO counter argument; OL. 2016, 4036.
CMBP 54% : Q cF,
Ts__SMe Me  CN NHTs  TL. 1995, 2531, Ph’}’ Nu—H Ph—PL
I Ts TL. 1996, 2457. ! c. om
Hex Me Hex Me TL. 1996, 2459.. Fs N
: H,0 dox-free Mitsunobu reagent
pKa = 23.4 pKa = 12.0 pKa = 10.2 ! 2 e 2014, 7940,
w/ DEAD, TIPA, w/ DHTD 50% w/ DEAD PhzPNTs formation ' em. Lommun.
DHTD 0% CMBP 99% (120 °C) CMBP 89% (80 °C) ,

Science 2019, 910. R

LA cat for DA
Tet. 2006, 401.
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w/ P(NMey), RBr

w/ P(NM62)3

09/20/19
Cadogan reaction -~ . o)
Cadogan reaction - from NO, and imine : TCI;IISO 0 P(OTMS); F/'/
— ~ 'N—Q—Br w/ cat. P, PhSiHg : ——— WSO O~F-~orms
SN N JACS. 2017, 6839. : o HO — OTMS
thN/<l.uH ; TMSO' H © Bo 0  JocC. 1982, 3453.
i | E—. I N CN ! TMSO
~ PR e o o o o o e e e e e e e e e
P., P N i from NO, and B(OH), : Phosphinetriamine Me
-] N7 > N L;C/":a{\lg2§;:gig H stereoretention Oz ' Verkade base review; Tet. 2003, 7819.
promots (3+1) JACS 2618 31 83 w/ cat. P, PhS|H3 : Me Verkade base (0.2 e
cheletropic addition — ’ " JACS. 2018, 15200. ! MeN—P;‘Nb}I TBSCIO ( . quant - .,
N. 2 from NH, and COH ' e 1B3CI, imidazole, DMF 10% Bz-0' Me
from NO, and B(OH), 2 oH . N ’ ’ ° Verkade b o
stereoretention ’/ w/ cat. P, DEBM, PhSiH; : JACS. 1996, 12832. D(K/IrAaP o Pee ggé:
w/ cat. P, PhSiHg N JACS. 2019, 12507.. ' pKa=329 Me  O-TBS P,-tBu 49%
' cat Me 11 JACS. 1989, 3478, J/Org. Chem. 1996, 2063
MeO ' Me P i JACS. 1990, 9421. ' ' ' ’
\©\ ' T'Mey” Me: JOC. 2000, 5431.
N ' Me € ' | Kukhtin—Ramirez reaction
PPN KO ‘torzzzzzzzzzzly Ry PR;
Phosphite R EtO.C 0 o] P ® . 0
S i N Ph : H 0" "o — > ° ©) 2 ="
[ P~pn /S = . H R = o ZR
N P(OEt), L ! . VAN R R
g oN Ph  MeO OTBS 1 catalytic esterification!
o G S O U Gt TN BN
R = CO,Et R=H JOC. 1976, 1295 o Ph)\ 4 \ . Me PN :
S P(OEY = L e cOaMe " : MQ :
'}l y 3 \®/ J. Chem. Soc., Perkin Trans. 1 CO,Et  w/P(NMe,); Ph)\COZMe: Me” pya ¢ .
NO, ON 1975, 2396 ; Me o ACIE. 2012, 10605." = ™% | JACS. 2015, 616.
: ' 98%ee W/ :
N02 N\ Ne C;\])\G) : 02N o) E |:| /—p-MGOCGH4 E
o P(OE), U Nl/\> ! x . - N :
cl —> N—763% o N 3% Ph” ~CO,Me; P—NMe, '
e ' Ph : .
_ OMe ;0. 1977, 1791! N e P-MeOCcH, .
MeO OMe : CO,Me / Br
: Me COZMe Ph (o)
e 1 N \\OH
MeO P(OEt)s : > \
MeO > : Ph CO,Me Ph i CO,Me Ph” “CO,Me
: w/ P(NM32)3

MeO JOC. 1968, 4446.

OL. 2013, 3090. OL. 2015, 3810.

JOC. 2011, 2548.
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P(Il)/P(V) Transition Chem. Ber. 1943, 218. Chem. Ber. 1928, 1264. - 2o OPh MeO Ph OPh
J. Organomet. Chem. 1973, 113. | .OMe 1 \OPh \0,, 1 _OPh .
i Me Me O—P, PhO—P  —|[_ P 2P » ligand

o~ PV’O _— O\Pm OH 6‘0Me (1)‘0Ph \0’ ~OPh scrambling
C ~ Me P Me Me OPh

o’ 0 9:1 o ‘o 0 o

DCM, rt H | H
W —p

- temp increase favors P(lll) HN— 2 ny HN Z‘o > S | S
* basic solvents favors P(lll) Me P, — p ~—pn-P.,
- unsaturation (aromatic backbones) favors P(V) W) me PhM Jd X 20‘ 5ocPh” "Me Ph=/ "/ Me
« higher symmetry favors P(V) Me Me Me I JACS.1969, 6878
* more substituion/sterics favors P(V) P(I% at 100°C: 0 / 20

Higher Apicophilicity

* higher electron negativity
* good m-acceptor

+ small size (hard to predict)
Acc. Chem. Res.1971, 288.

+ harder ligand favors P(V) Acc. Chem. Res. 1971, 288.

FN

(7 ;

K\ |

F-P. F—P:u
+—F | \;
F

F

instantaneous
CF3;COPh

T.ﬂ%

small ring favors large ring favors

[ NH ] -70°C [ ] |-| Me’ /‘ ap-eq spaning €g-eq spaning
100% P(lIl)
<\ /> CF3COPh <N\— _)/\ CF; enantioselective Me

|nver3|on

CHINE

A

hydro phosphorylation
from hydridophosphorane
90% ee, JACS. 1990, 6142.

O

Z

100% P(V) JACS 1974, 2268.
Inorg. Chem. 1988, 1099.

Geometry of P(V)

>Me P

M ) ‘
e " “
Me P—Ph Ph
OH Me Me

Me Me

[ ] Ph - JACS. 1971, 6341. retention
Berry — — Me
pseudorotation \ @ @ Me Me Me
pivot - - - (EtO)2 | e OEt 3, OEt =
| TBP SP TBP PMe P“Me > : || \\OEt—> "P Me ~
_p" rt Y N
T\ trio Me O OEt Me OEt MeP(OEt)2
. JACS. 1972, 9264. Me
Turnstile — — .
rotation f P radical geometry D o
) L . hv
TBP -~ TBP OP(OMe), ——> I lI!>(0Me)2
tumstile geometry JACS. 2009, 3418. 1 Ph 100% conv Ph
D
[(D-Me(-‘;sH4)3N][PF6] ( ?z\\. ( C|)1
opu P (25 mol%) Ph,,5®,, | inversion barrier J\/o o 01—PSo BPR 02—T9°_ph ﬁhf?piﬁﬂ/fte
mé "' MeCN, rt, 30 min Me’ 5 keal/mol Ph “P” S} 0—/" 2 72%
99-51%ee 0-18%ee  JACS. 2013, 9354. 0{/) 13 pH thermggtygtzr&gany 3 83%

JACS. 1996, 6192.
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[ Et rapid
RO' o Et a-scigsion .
EtaP(OR)g.n—3>| «—P » Et,,P(OR);, Et
hv | YEt A
OtBu slow
a-scission
OtBu Et 1
| \Et | \OtBu o I LOtBu
—P; > *—P, or tBu —P
~Et | 0otBu | Et
tBu Et Et
(I)tBlélt Et o
| R tBu -scissi
._P‘\\ - -—P\\ a-scission
|YotBu —> | TOtBu
OtBu OtBu
OtBu
| (OtBu p-scission .
—Py —> tBu
0-:-tBu
tBu
O ,O0tBu 0 o,
([)'n \ﬁ,o u _>(ﬁ” \P/OtBu (K” Pouiu g, n=1ab= 0A00
-0’ 0--tBu d’ “o—tBu o o 2 a:b = 50/50
a b a b
Me Me » radical is most stable at eq
Me * o > [} scission
o) Me °ascission at apical P-C
o0 |:)\\O * B scission at eq P-C

JACS. 2004, 13190.

+ 5-membered ring is exceptionally stable

J. Chem. Soc. Perkin Il. 1972 2225.
J. Chem. Soc. Perkin 1. 1974, 1101

J. Chem. Soc. Perkin Il. 1975, 140.
J. Chem. Soc. Perkin Il. 1975, 808.
Acc. Chem. Res. 1982, 117.

(o] HS”BUs, Me Me“‘),
?
P~0* A
5O RY
Me
l P,
P A
=0 H ‘;é
= |
H ¢ 0 H

-Phosphonlum synthetic applications review; Org. Biomol. Chem., 2012, 5327

Ph—P~Ph
Ph

©:CHO NaOMe
MeOH, 70%

cl

RI
l LAD
<D
| \Ph
P\

PhgP, I
Ar/EWG —> Ph—

Adv. Synth. Catal. 2009, 1469.

El or Arl, cat. Pd
R
> ph—P~Ph
Ph

benzyne or Ar,l*

JOC. 2008, 590.

Adv. Synth. Catal. 2008, 2967.
Org. Lett., 2010, 1568.

Chem. Commun., 2016, 4987

R = CH,CHCHR;
H

TL. 1961, 724.

lR = PhOH

R = CH,CI;
OH"

1l Ph
-
10% + PhsPO 70%

J. Organomet. Chem. 1972, 77.

J. Organomet. Chem. 1975, 93. Chem. Commun., 1998, 1973.

Ph—
Ph

8-10%

(0]
OH"

Ph R

Ph

Ph’P\/
</Cl 51% TL. 1961, 724.

O 0

40 48%

CI

10% Ph

J. Chem. Soc. C. 1971, 1059.

0

PhgP=CH,

Ph
o

N

1]
PPh,

JOC. 1971, 4028.
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; =
Me : - |
Me ! N | X I =
Me:., o® ' R,—P L _
e/lp : 1p R/R, \NPZ N R,
Ph ' py/Ph 65% + 0.2%
' p-MeCgH,CH,/
Me : BnMgCl 3% + 65%
Me Chem. Comm., ! Ry =Bn TL. 1989, 567. JACS. 1987, 5567.
Ph, 1 1967, 1113 N 7
4 Chem. Ber. . | =z
Ph 1961, 1465, ! | X BN © |
: N ——> pyHo, | HN A N S
Ve ] Mo | 0 vPY N pnOH from PORg, HCl aq. reflux 39%
o 60 °C Me v Py = from PR,*, HClaq. reflux 73%
\%\Me Me Y (0] / Me ! TL. 1989, 6365.
Me = Oh OMe o o] //0 '
N VOMe % IsOMe El, rt Me jﬁ p\_o(l)wMe: PPh, a IN a IN NR, OR SR
e 1
we )] | ) O C
on X = Br, SCSMe, CO,Me, Me: N A N N N N
Ph. | Ph Ph___Ph JACS. 1968, 5924., :

Chem. Ber. 1964, 747.

® " 12000
P@ PhLi P
Ph Ph 85%

Q-0
ﬂ

not observed

& ()

W

R = NMe,

JACS. 1970, 6701

also known w/ S.

N

SOMe

D/T

S

/

X

S

/

I8

JACS. 2016, 13806. ACIE. 2017, 9833.
Science 2018, 799. JACS. 2018, 1990.
JACS. 2018, 8020. OL. 2018, 2607.
ACIE. 2018, 12514.ACIE. 2019, 58.
10.1021/jacs.9b08504.
doi.org/10.26434/chemrxiv.9722603.v1

w/ PhMgBr 79%
pyLi 59%
TL. 1984, 2549.
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for CPA see; Chem. Rev. 2007, 5744.
Chem. Commun. 2008, 4097.
Aldrichimica Acta, 2008, 41, 31-39.

Phosphate
First synthesis of ATP; Nature 1948, 761.

NH,
(o]
N B

9 < ) 1.820

AgO-P-0
(!)Bz o 2. hydrolysis 5. hydrolysis

3. Ag salt formation
~Cl 4.P

» ATP

: S
o [TBA][P,0,H], nucleoside; o 9
? l2, py, H20 _ ?,P\?
O=p_ P-0
-PS ; Chem. Commun. 20011, 8142 ~o- R
0" "¢l JMmc. 2002, 5384. 9 ° %o R
Lo

, MstCl, DABCO;
\p: nucleoside; phthalimide

OL. 2016, 580.

1. PyAOP o_ P
P\o 2. Nu

Nu =NRy, OR, CHPPh; =1 ~0- R
0 | no nucleotides/nucleosides o o
JACS. 2019, 1852.

Me

i
P A

MeCN, <10 min;
2TBA Me”™ "Me  oxidant 9

X= O, CH2, CF2, CC|2, NH

nucleoside, N~ o
’)I\N/N 0\ //o
Me P\O Nu

= F, N3, NR2,
R imidazole,
OR, OPO,F"

R
A 067 Oéli’ 067 o o
0]3~0 0lo
from P-imidazolide §
w/ ZnCl,, ATP Na

o

10.1021/jacs.9b08273

>
Z > CO,Et % same
°N (-)Pt/(+)Hg, :
g(OEt)z -2.05V, DMF EtOzc CO,Et

JACS. 1989, 740.
Nitrogen Containing P(V) Syn. Commun. 1994, 1465
for CBA catalysis see; Chem. Rev. 2015, 9277. ACIE. 2019, 12761.
for phosphazenes see; Ishikawa, T. Superbases for Organic Synthesis:
Guanidines, Amidines, Phosphazenes and Related Organocatalysts,; Wiley

NM
NtBu NMe, NtBu NMe, oN_b EZM o
Me;N—P—NMe; Me N - P=N-P—N=P—NMe, ©2 ®2 F
| NMe, N NMe,
A, e, i e, Me,N—P=N—F2N=p—NM
tBu-P1 Me,N—P—NMe, S e
pKa =26.9 | NMe, N NMe,
NMez 1]
NMe tBU'P4 MezN— T—NMez
I!’= NtBu pKa = 42.6 NMe,
I\NII/ \N Schwesinger base tBu-P5
e =
Me—/ ﬂMe ACIE. 1987, 1167. pKa = 46
BEMP
pKaTI\ng HO__tBu tBu-P4 1h, 91%
CsF 24 h 0%
tBuCHO base BEMP 24 h, 0%
DMF rt Chem. Commun., 2006, 4850
F;C=S
0® DMF HO_ CFy ™2
SS CFs » (CF, X/\
Me,N~ CF, cl
stable w/ tBu-P4, CFsH  from (ArS),

in THF, -30 °C w/ tBu-P4, CF3H
(0% w/ KOtBuU) in THF, -10 °C

[HtBu-P4]* + F@+ +CF,
Org. Biomol. Chem. 2013, 1446.

NBoc v/ tBuXPhos Pd G3, _N—P_
Et-P2, THF, 1t, 67% Rl N
MeN™ “NH (oL 2015, 3370. N PR
0)\/1',, _— //\NCO e RR N not synthesized yet
Me Q—N\_J 2 N_ pn interesting
S P— properties?

R
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Sulfur Containing P

Me NMe  MeN” XX, Pest. Manag. Sci. 2001, 1000.

Phosphate lon no racemization at rt Cl
ACIE. 1997, 608. ¢ cl
Cl,
Cl o

S, s R= | F& CFa FaC
R \p’ “p—Rr P-OMeCgH, Lawesson’s reagent J. Chem. Soc. Chem; o LiNaph; F3C
g’ \\S SMe (or alkyl) Davy’s Commun. 1982, 457.! ., | HeO; EtNBr 0,/@X D,0,AcOH PO
SPh (or p-OMeCgH,4) Japanese Synthesis. 1984, 827' “Pp—H =D 07" X :
p-OPhCgH, Belleau's TL. 1983, 3815 ; | ‘ ¥ N\ FsC
s cl s : O Ho_ _D RCHO g ¢
e CO,H \ / : no H, D
] . ked in presence of 100 eq H,O
one-pot w/ Japenese ' . wor . 2
w/ P>S5, MeOH, w/ Japenese from CO,H . converted H* to H JACS. 2009, 16623.
ClsCgHa, 130 °C THF, 20 °C PhMe, 110 °C : Ar
10 min 90 min 5 min ! ! —
' 023\ \\Ph@
Me._ _Me ' F3C 0 N— (urea), NS b
o Me ' z Ph /©:
0)\(X1 ! N—i?@—N cl N ')
1 2 H
Xs _NMe  MeN Me Lawasson’s PhMe, 110 °C ' Ph N/ ‘b CF w/ aldehyde
X1 = X2 = X3 = X4 =S : N \So 3 cat (2 mOI%), DCM,
Me ; P P02 -90 °C, 96%ee
o) fo] o Belleau’s, THF, rt ' Ar  Ar=3,5-Ph,CgH3 JACS. 2018, 2765.

first phosphate anion hexacoordinated

Chem. Ber. 1965, 576 Cl Cl phosphate cation
OL. 2002, 2309
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