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INTRODUCTION

The first organometallic compound to be identifiled,
diethylzine, was prepared by Frankland! in 1849. 4 series
of alkylzinc compounds was soon prepared and studies were
externded to include organometallic compounds of metals other
than zinc. ﬁrganmﬁatallis compounds of several metals were
succesafully prepared; however, the zine and mercury come
pounds were the only ones that were used extensively in the
synthesis of organic compounis before the discovery of the
Grignard reagent.

The early attempts to prepare organomagnesium compounds
were not encouraging. Hallwachs and ﬁﬁh&farikz, in 1859, and
G&haurﬁgi in 1860, heated ethyl iodide and magnesium powder
in a sealed tube and obtained some impure diethylmagnesium,
Then, in 1891, Lohr% prepared dimethylmagnesium powder, and
two ysars later Fleck® used this reaction for the preparation
of diphsnylmagnesium. However, no successful application to
synthesis was made with orgenomagnesium compounds until 1899,
when Barbier® obtained dimethylheptencl from the interaction
of a mixture of methylhaptenone, methyl iocdide and magnesium.

1. PFrankland, Ann., 71, 213 (1849).

2. Hallwachs and Schafarik, ibid., 108, 206 (1859).
3. Cahours, ibid., 114, 240 (1880).

4, Lﬁhr, i%iécg m# 48 (1393.}-

5. Fleck, ibid., 276, }29 (1893).,

6. Barbier, Compt, rend., 128, 110 (1898).
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The following year, Victor &rigﬁarﬁ? resolved this synthesis
into two dlstinet reactions, first preparing the RMgX ocom~
pound in ether solution, then treating the organomagnesium
halide with the reactant. He vigorously extended his investl-
gation of this new reaction and soon had lald the foundation
for mich of our present knowledge of the reactions of the rew
asgent that now bears his name. The Grignard reagent, because
of the sase with whiech it could be prepared, and the variety
of resgent tyres with whioh it would react, has been an
important intermediate in the synthesls of organlic compounds.
A gerdes of organolithium compounds, similar in many
respects to the corresponding Grignard reagents, has recently
been prepared. dpencer and Wallace®, in 1908, were the first
to attempt to prepare an organclithium compound. They failed
to prepare @-naphthyllithium from an ether solution of
a-bromonaphthalene and lithium metzl; then Spencer and Price®
aﬁﬁainaﬁ only biphenyl from the interaectlon of lithium with an
sther solution af'i@éebénzene. Upon hydrolysis of the mixture
formed by heating lithium metal and the organic hallde with-
out & molvent, Spencer and Price did obtailn evidence for the
formation of a number of organclithium compounds. An ine
direot method waes developed by Sohlenk and 3&13&10 s who

7. Grignard, Compt. rend., 130, 1323 {(1900).

8. Spencer énﬁ allsce, 3;‘§E§a: S00., 1827 (1808).
9. BSpencer and Price, 1ibid., 3885 (1910).

10. Behlenk and Holt%z, Ber., 50, 363 (1917).
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treated organomsreury compoundg in an inert solvent with
lithium metal, Zilegler and ﬁelmniuali, in 1930, reported a
series of elegant studlies in which they prepared organce
lithium compounds directly from the organic halogen compounds
and lithium metal in ether, benzene, cyclohexane, and analow
pous solvents. This represented s great sdvance in the in-
vestigation of these compounds, but the resotions were carried
out in the unhandy Schlenk tubes. Gilman and co-workers'?,
recognizing the importance of the orgapolithium compounds,
successfully aepplied the simple teshnique and the convention~
al apperatus used in the preparation of the Grignerd reagent
to the preparation of the lithium reagents. They determined
the optimum conditionsld for the resction of a lsrge number
of organic halogen compounds with 1lithium metal and found
that the yilelds compared quits favorably with the yislds of
the corresponding Grignard reagents.

There is & marked similarity in the reastions of organow
lithium snd orgenomagnesium aam@aﬂﬁé51* with the unsaturated
groups G=0, O=8, 8=0, and ¥=0 and inorgenic salis; bowever,

1l Ziegler and Colonius, Ann., 479, 135 (1930); German
Patent 512,882 / Chem. ﬁ&aﬁa::“flgﬁl} I, 1185_7.

12. Gilman, Zoellner end Selby, J. 4m. Chem. Hog., 54,
1957 (1952},

13. Gilman, Zoellner and Selby, ibid., 55, 1252 (1933);
Gilman, Zoellnsr, Selby and Boatner, Hee. trav, ehlum.,
54, 584 (1938). T

1l4. Gilman, "Organic Chemistry®, John Wiley and Sons, lew
York, (1938}, p. 440.
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some resctants form different products when they are traated
with like members of these organometallic compounds., Also,
under similar experimental conditions, the lithium reagent
reacts with some compounds with which the Grignard reagent
does not react.

The Grignard reagent reacts with those compounds having -
the type of conjugated systen féanﬁ in bvenzophenone-anil to
give 1,4~ addition pr&éuabglﬁ, The organolithium compounds
under the same conditions give 1,2~ addition products.

The Grignard resagent does not add to a simple olefinlie
systen while the alkyllithium compounds add smoothly to some
ethylenic double b@aﬂazﬁ. This addition, however, has been
obgserved only in those cases ip which the unsaturated carbon
atoms are directly linked or conjugated with & benzene ring
or other unsaturated system.

The alkyllithium compounds cleave ethers. The reaction,
however, is slow with the normal compounds such as g-butyl-
lithium, several hours being required for an eppreciabls
change in the concentraition of the RLY ocompound, The second-
ary and tertiary alkyllithium eam@aandslv reaoct with ether
80 rapidly that they are without values as a resgent in ether

saiutiaﬁ‘ In has recently bean demonstirated that

15. Gilmﬂn and Kirby, E; Am. ﬁhem* Saa*, 55, 1265 {1933).
17. %i ﬁ.}ﬁsﬁra, Beateral iaaartatian, Iowa State College
941) .
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orgenolithium compounds can be prepared in satisfactory
yields in low boiling fractions of petroleum in which they
are quite stablel®,

The Grignerd reagent reaocts with the so~callsd active

hydrogen ag follows:
R'H + RHEX ey RH 4+ R'MgX

The hydrogen atom in a hydrocarbon molecule is seldom active
enough to react with the organomegnesium compounds., The truse
acetylenes, indene, fluorene, and triphenylmethane are
axaap%ianslgﬁ Houven and senwarkersgs treated dialkyl-
anilines with the Grignard reagent and carbonated the
reaction mixtures at high temperatures tov obtein acids hav-
ing the carboxyl group pars to the amino group. oddo™ also
obtained acids by treating diphenylamine and carbazols with
the Grignaxd reagent undeyr the conditions used by Houben,
Reocently Challenger and so-workers®® found that ethyl~ and
propylmsgnesium bromides rescted with phenyl ethers and
thiophesnes, at 180-220°, to give products in which the

magnesiun was shown to have attached itself to the nucleus

18. Gllman and E@Ura, gﬂ_. %Q Chem. m»; _é_%; 184% (1@&&).

19, See reference (14), p. 418.

20, Houben and co-workers, Ber., 37, 3978 (1904);

42, 3729, 4488, 4815 (1909; 46, 3833 (1913).

21. 0Uddo, Gazz. chim. ital., 41, I, 255 (1911) / C. A.,
5, 2638 (191 ; Brisocoe and Plant, J. Chem. Soc¢.,
1990 (1928), : -

22. Challenger and Miller, J. Chem. Soc. 894 (1938);
Challenger and Gibson, ibid., 305 (1940).
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in the position orthe to the hetero element. These are the
only rspar%éﬁ cases in whisch the Grignard reagent has re-
placed a hydrogen atom on an aromatic nuecleus, and in these
reactions the conditions were quite drastie,

The organolithium compounds react smoothly with many
arometic compounds to replace a hydrogen atom with a lithium
atom®3, The hydrogen-lithium interconversions ars of particu~-
lar wvalue bevause the lithium often enters the nucleus in a
different position from that ordinarily tsken by the common
subgtitution reagents. Dibenzofuran, for example, is sube
stituted in the a; position by halogenation, sulfonation, and
the Frledel-Crafte reasction, in the 3« position by nitration
and in the 4~ position by metalation24, As a rule only one
lithium atom is introduced into the molecule, but triphenyl-
&arbinalgﬁ and éiphanylwathyigarbinalgﬁ react to give the
dilithio compounds. |

Organolithium compounds and Grignerd reagents react with
the free halogens to form the metal halide and an RX compound.
The Grignard reagent does not reasct with aromatic halogen
compounds, but the erganalithiuﬁ compounds react vn#y readily

t0 give a helogen-metal iateraanversiangg as represented by

£3., Gilmen and Bebb, I, Chen. Soe., 61, 109 (1939).
24, Gilmen and Young, i n”ﬁ‘,"'ﬁ‘“ﬁ,‘ 1415 (1934).

25, Gilman, Brown, Webb and S%atﬁ, ibid., 68, 977 {1940).
26, Gilman end Brown, ib: a,., 862, 3208 [1940).

27. Gilman, Langhem and Jacoby, iﬁié,,,ﬂi, 106 (1939).
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the eguation:

RIi + E'X e . HX + R*LY

That this is one of the smoothest of organic reactions has
been demonstrated by carrying out the halogsn-metal inter~
conversion at low temperatures with halogen compounds con-
taining the anil linkage or the carboxyl group without
disturbing those functional grcuyaga. The hulegen-netal
interconversion reaction opens a number of interesting
possibilities in the fleld of orgenlec synthesis., l-Bromo-
3,4-dimethoxydibenzofuran hag resisted all attempts to
convert 1t into a Grignard reagent or an orgenclithium
compound in the conventional manner, but it reacts readily
with p~butyllithium to give the desired orgsnometallic
compound 29, |

The value of the Grignard reagent has been fully
recognized and its reactions and limitations have been
extensively investigated. The low cost of magnesium will
insure ite continued use in those resctions for which it is
adapted.

Lithium is expensive but the cost is not great enough
t+o prohibit its use in special reactions. Some of the contri.

butions of organolithium compounds to organic synthesis have

28, Gilmen and Spatz, J. &m, shem. 508., ﬁz, 446 (1940} ;
€. B. Arntzen, Unpublished Tesu ta»
29, Gilman, Swiss and Brown, ibid., 62, 348 (1940).
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been pointed out. The fruitful studies in this field have
been few and recent. Therefors, this investigation was
underteken in an attempt to contribute to the knowledge of
this valusble reagent in those reactions for which the
Grignard resgent cannot be used.

The metalation of carbazole by organolithium asmpaunésza
and by the Grignard raagantg; resulted in substitution take-
ing place ortho to the nitrogen atom. Thls was not in agree-
ment with the results obtalined by FHouben>® from the reaction
of the Grignard reagent with the alkylenilines; and since
there was little information available pertaining to the
orientation of organic phosphorus end nitrogen compounds, the

phosphines and amlines were selected ss the reactants.

30. Gilman and Kirby, J. Org. Chem., 1, 146 {1936).
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DIScuUsSsION
Preparation of Arylphosphorus Compounds

The firat organophosphorus compounds were prepared in
1846 by Thenard®l, fThe orgen
as derivatives of the gas phosphine, Fly, and are formally

ic phosphines may be consgidered

comparable with the amines. As in the case of the latter,
primayy, secondary and tertiery phosphlnes and the quaternary
phosphonium salts are recognized,

RPH, RyPH Egr EQPX
Primayry Secondary Tertiary Guaternary
?h@aéginas Phosphoniua salts

Phosphine and primery pbosphines are only slightly basie
in character, They form salts but these sgalts sre guickly
hydrolyzed by water. The salts of the secondary phosphines
are stable in water. The tertiary phosphines are fully as
alkaline as the corresponding &m&ﬁ&&gg;

The sysmmetbtrical triarylphosphines are conveniently
praparsd by treating phorphorus trichloride with an excess

of the proper Grignard reagent”o;

31 PFor a gummary of the early work on organophosphorus
compounds the reader s referrsd to the review by
Michaelis, Ann., 181, 274 (1876).

38. Davies end iddls, J. Chem., Boe,, 1622 (1937).

33. Preiffer, Ber., 37, 4620 (1904).



SRUEE + PCly ——-> RaP + BHEICL

The unsymmstrical phosphines are not prepared in this
way for no satisfactory method has been found for iseolating
the arylchlorephosphines from the molecular complex formed
with the nmagnesium halide. There are, however, two general
methods of preparing ayyldiehlorophosphines.

When an organomercury compound iz heated with phosphorus

trichloride the following reaction ccours:
RoHg + POlg—m—> RPCl, + RHgOl

This reaction gives rather poor yields but is useful fgr the
preparation of mete and ortho substituted aryldichloro-
phosphines that eannot be prepared by other methods. The
temperature required for this rsaction is much higher than
for the corresponding reaction with arsenic trichloride, and
it may be ncted that arsenie trichloride converts the organo-
mareury compound completsely to mercuric ohloride®t,

The Friedel~Crafts resction is & method of cholce for
the preparation of a number of para substituted eryldichloro-

phaﬁyhiﬁaasﬁz

: : 41C1y
333 x4 Palg o 6};% Q ng

34. iiehamelis, Ber., 9, 1566 (1876).
35. Michaells, ibid., 12, 1009 (1879).



The compounds that have been prepared by this nmethod are
phenyle, p-tolyle, gfahlar@telylngﬁ, gyghangxyghaayl~3?.
p~ohlorophsnyle, p-bromophenyl-, p-anisyle, p~phenathyle,
peathylphenyl-, gﬁﬁgm and p~)xylyl-, pseudocumyle, mesityls.,
cumyls, p~benzylphenyl, biphenyle, q~-naphthyl- and dibenzo
fﬁryi&i@hlﬁf&%ﬁﬂ&yhim&gﬁ, These compounds were identified
either by synthesis from the organomsersury compound or by
heating the compound in a sealed tube with bromine. In this
latter reaction the phosphorus 1s replaced by the bromine and
the resulting bromo derivative is isclsated:

1~ ®~w13 + Bry -390, c1. Q ~Er + PBrcl,

The éi%anzaxuryléiﬁhiarﬁphagga1agg@ hes not been character-
ized; however, other groups, ineluding the-AsCly group, ere
insroduced into the Z~positlion and by analogy the compound
is Zedibenzofuryldichlorophosphline.

- The first mesber of this serles, phenyldichlorophosphine,
can alsc be prepared by passing a veporized mixture of benzene

and phosphorus trichloride through & red hot porcelain

36, ielehlker, %@;,, 31, 391&3 {1898).

3%. Davies and ¥orris, J. Chem. Sog., 2880 (1932).

38. The resader is rafﬁrr@é to thﬁ ollowing review for
individual references, Goddard, “"Text-book of Inorganic
Ghamiaﬁry” adited by J, Yewton Friend, Volume 11, part

z {1936}, Sriffin and Co. Itd., london.
39. Davies and Othen, J. Chem, Bos., 1236 (1936).



tube*0, There are also a number of modifications$l of this
mathod dealgned to improve the yisld. The yield by this
method is much hetter than that obtained by use of the
Friedel-Crafts® 142143 suntnesis but the produect is likely to
be contaminated with free phoszphorus. When only small quanti-
ties of phenyldichlorophosphine are required the Friedel-
Crafts reaction is preferable, because of the purlty of the
product isolated and the simplicity of the apparatus required
for the reaction. The vapor phase reaction has not been found
successful for preperation of any of the analogs of phenyle
dichlorophosphine,

Miehselis and Schlenk?® prepared p-dimethylaminophenyle
diehlorphosphine from dimethylaniline and phosphorus tri-
ehloride, using aluminum ehloride as the condensing apgent.
aeﬁrnﬁﬁléﬁ found that dimethylaniline would react with elther
phosphorus trishlorlde or phosphorus oxychloride without a

condensing agent, if the enine were used in exoess so that

40, Mjchaelis, Ber.,, 6, 601 (1873); inn,, 181, 265 (1876);
Kchler, Ber., 13, 1623 (1880).

41. Airbuzov, J, Russ. Phys. Chem., 42, 395 (1910} / C.a., 5B,
1397 {1811}/; Pope and Gibsoa, 4. Chem. Soe., 101, 738
%mm); Bowles and James, J. im. Chem. 50@., 5L, 1406
{i?%ﬁ%; Lipder, Wirth and Zeunbeuer, Monatsh., 70, 1
Tosg)

42, ggia @hgaia; (v %.) 524 (1932) [

43, mi, Ex Gen, Chew. PRI 7 ¥ §g: 324 {1932, gté‘&wg
27, 967 {1%"‘%27“"".

44. H4iochaells and ﬁehl&m; ng ‘g};g 1497 (},6&8); wﬁ;
gg, 2 (1890}, |

45. Bourneul, Bull, soe. ¢him,, 33, 1808 (1923) /C.i., 18,
977 (1e24)_/.




the hydrogen chloride wes tled up us soon as 1t was formed:
(CHg) pNCgllg + PClywmr p~(CHp) pNCEH PC1, + Cgligl(CHy) 5 HOL

All of the éryl&iahl&xphaaghinas are liquids at room
temperature exaaﬁt divenzofuryldichlorophosphine. They
combine with Balagan&gﬁ or halogenating agents to form tetra-
halldes, these belng crystalline productes that are descomposed
by molsture inte oxychlorides, Rﬁﬁﬁlg, and finally into
phosphonie aocids, E?G(ﬁﬁ)g; The aryldichlorophosphines
sombine with oxygen to form oxyehlorides, but these are best
obtained by the asotion of sulfur dioxide or acetic ascid on
the tetrahalides. Similarly sulphur snd sryldichlorophoge
phines reaet to give the sulfur analog of the oxychloride,
BEP5Cly, & quantitative yield being obtained 1if the ice-cold
phosphine is treated with sulfur c¢hloride. Hydrogen sulfide
reacts to form the normsl sulfide, RPS. The chlorine may be
renoved from aryldiechlorophosphines by silver cyanide or
thiceyanate, o dieyanide or dithiocyanate resulting from the
reaction. Condensation takes place between aryldlchlorophos-
phines and arylhydrazines, piperidine and tetrahydroquincline,
while the oxychlorides combines with sniline, hydrazines and
ammopia,. Phenyldlohlorophosphine combines with phenylphosphine

to give phesphax&banzan&égz

46. KOhler and Michaelis, Ber., 10, 807 (1877).



* (99T} g6z ‘BEz ¢ Uuv ‘uspoy puwe aﬁaw@ﬁa«w %
/(3861
(ge6T) €46 % **WiUY Tunedsn *meeTL LY

L
sy

am¢ Qmwlw [ Q‘m.mi Mw

Jo poyaew juelweAuos w saold aydty sTUy 4wyl 2868dne Leyy

puw apiloTusip supydeoydiiuveydyay Buisvey Lq eupydsoydoxoryo

~1Ausgdyp poUTElqO eawy mwawmem puUs BTTeVYeTR *e4auss aand

eyg U @3eTOS] 03 JINOLIITD &% sonpoxd eyy sng ‘susunoopnesd

puw epIIOTUOILY Sngoydsoyd Jo vorlomIiequy eyy ul 3841w3n0

OY3 B¥ DN §7 OPIIOTHe wnupunie usys euiydsouyd Axwwixd

ey YIIa IeujeBoq *peulol 81 eurgdsoydoxoryoriumoopnesdip oyl

* ggumouy seurydeoydoxoryotdrvip £1vo 8yl eq 0% awveddu srwOIpux

seeyy Jo seurydmoydoorysTiInyp pexiw eyy puw suiydeoyd
~oroTyo TAumoopnesdp pue -ilroa-d-3p *~rTAueydip &aﬁ

S1o9H + T0a°w 109U + OT0dN

To9mY + T0d%y < 95%u + Froay

| 190pIIYY OTINOJOETAIR X0
spunodmoo Axnoewriiety puw seuiydeonydosoryoiprdan Jo uoljow

-18%UT oyq 4q perndexd eq Jfer ssuyudsoydoroTyoTidXwip OuL
43 "10a%(%5%) “epraotuotas smroud
~goudTiueydyp pue usBoxyiu esld o3 gepmod xeddoo Ag pesod
~WOOeP BT 30Ys XeTdwoo P WIOJ 04 SPIIOTUD WNIHOZBTLOUTUSq
q9TA J0BOT TTIA mmwmmmamm&maﬂﬁaawmmm@ﬁm *PIOE DTIOTHOOIDAY
PORISUOOUCD JO UOTLIIDPPY SUl Aq DPOSIOASX Sq URD WOT0RAI SIU

1082 + Sg%p=gedin?y <« ®ns%y 4 Zyoays

I.@.Mxi



preparation for this compound:

(CgHg) gPO0Lly wommemy {CgHg) sPCL + CgHgCl
Biynanylehlox&phﬁaphinaég has also been prepared by heating &
mizxture of phenyldichlorophosphine and triphenylphosphine for
several hours at 310°. All of these compounds are high-
Eailing viascous liquids, which may be oxidized to the corres-
| ponding phosphinic acids, Eg?ﬂ(@ﬁkg Treatment with chlorine
yields the trichlorides, R PCl,, which are readily hydrolyzed
by water to the phosphinic aeids,

4 pumber of interesting condensation products mey be
prepared from the diarylchlorophosphines. An example 1s the
reaction of diphenylohlorophosphine with sodium ethoxide to
form ethyl diphenylphosphinitse, with some ethyl diphenyle
9hﬁﬁphinata as & by-product. In the presence of ethyl lodide
the ethyl diphenylphosphinite is completely converted to di-

phenylethylphosphine axiﬁgéla

(CgHg) gPCL + NaOC Hy — s (CgHy) P00 H M}(séﬁs)gmgﬁ,&;m

¥hen sodium mercaptlides are substituted for the sodium

ethoxide, the rea@tion oceurs in an snalogous manner.

Diphenylehlorophosphine reacts with benzaldehydet®? to

producs & 1,2-addition product:

49a, Conant, Braverman and Hussey, J. Am. Chem. Soe., 45,
165 (1923).



- 21 -

H -
Celil=0 + (CgHg) gPCL + CHZCOOH ~ws CgHgC-OH + CHgCOCL

(Cglly ) p=0

The reaction with q,p-unsaturated ketonas, such a&s benzale

agstophenone results in the formation of & l,4-addition

product:
0 A O {Cglie ) oP—0— PGy ) gwl
2 3-*%?3»&% + 2{ogHg) pgpo1 {CH3C0) 20, é:gis—-aéa ézzfggﬁg
| HCqtls iy CglHig Cgls Gl
Celly
; Q(ﬁ@ﬁg)gp"ﬁ
[B07, 2 é—aaﬁ——éﬁ
Cly gy

A comparison of these results with earlier work®®® shows that
the three halides, ?313, ﬁﬁﬁﬁfslg and {ﬁaﬁgigﬁﬂli behave in
& similar way. This is an unusual reaction, for a single
atom, P, adds to an unsaturated system by an inerease of
valence. The reaction is reversible but acetic acid or acetic
anhydride will ocause the reastion to go to completion.

The primary arylphosphines are prepared by the reduction
of the corresponding phosphinous acids or their ssters. HNost
of the aryldichlorpphosphines have been converted to the
corresponding primsry phosphines. The resetion with phenyldi-
shlorophosphine may be taken as a typieal &x&m@laéﬁz

49b. Conant, J. Am. Chem. So6., 43, 1705 (1e21).
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3&5H5?Gia + éﬁgﬁgﬁﬁwm»-35&K5?{ﬁﬁzﬁg)gmmw~Eﬁﬁﬁéﬁﬁiﬁﬁlg + ﬁéﬁgPﬁa

The yleld of thé phosphine from this reaction is about 604 of
the theoretical quantity.

The primary sarylphosphines are all liquids with the
sxception of the mesgityl-, pebiphenylmethylw snd p-~dibenzyle
phosphines, which are low melting solids. ‘They are rapidly
oxidized in alr to oxides and finally to neids. When hydro-
chloric agid solutions of ths phosphines are treated with
platinic ehloride, crystalline platinichlorides are formed,
(RPHz.HOL) 5PtCl, or (KPHp)gHsPtClg. Hydriodie acid converts
the phosphines %o the yellow erystalline hydriodidss, E?ﬁz‘ﬁl*

The phosphines posgess vile odors, and phenylphosphine is re-
ported to cause naaabla&ﬁﬁﬁﬁ
Only one aryl compound of the type RoFH is known. It is

aiphenylphosphine® *

and mey be prepared by treating diphenyl~
chlorophosphine witgiaa excess of zodlum aaxkasaﬁa in a hydrogen
atmosphere:

4(CgHg) gPCL + 3Naz005 + HpO—r 8{CgHy) pPH + 2(CgHy) pPOpNa

* 300, + 418l

It can also bhe obtained by heating & mixture of diphenylehloro-
phosphine and zine in a sealed tube to 230%, followed by

decomposition of the product with water.

50, Michaelis, Ann., 181, 344 (1876).
5. Micheaelis and Gleichmsnn, Ber., 13, 801 (1882).
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Diphenylphosphine is a colorless, viscous, pungent liquid
that oxidizes upon exposure to alr or when heated with nitrie
aeid. It acets as a weak base, its salts belng decomposed by
waﬁar, It combines with methyl iodlde, scetyl chloride,
hydrogen jodide,and dry hydrogen chloride. Thies bydrochloride
is not stable in air, but it forms a platinichloride,
[TCgHy) PH/ o JH,PECL,, that exists in the form of a yellow
powder. Diphenylphosphine reacts with diphenylehlorophosphine
to give tetraphenyldiphosphine:

Thexre are five types of tertiary aromatic phosphines known.
They are ArP, ATATY oP, AlkAToP, ALk AYP, and ALKAYATR.

As in the case of the corresponding arseniocal compounds,
the prinecipal methods of preparing the aromatic tertiary phosge
phines are the application of the Fittig and the Grignard
reactions, The Flttig reasoction is a time~consuming reaction
and the yields are not high.

. A 448
3CgHg0L + POLy + 6HE ~omy {$&E5)3? + 6NaCl

or

CellgPOl, + B0gH0L + 4la — (Cgly) (P + 4NaC1®!

When the aryldichlorophosphine is used the unsymmetrical
phosphines of the type ER'oP can be prepared. The Grignard
rﬁagaatﬁg’ga’ﬁg when dropped into a cold, agitated sther

82, Dodonow end ledox, Ber., 81, 907 {(1928).
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reacts with alkyl halides to give the corregponding phos-
phonium salts. It forms additlive compound with mercurie
chloride, platinic chloride, and antimony, arsenle, and
bismuth trichlorides. The formation of the double salt with
mercuric chloride has been suggested as a quantitative method
for the determination of ﬁrighanylghosphinaﬁﬁ. Phosphorus
trichloride does not appear to form a double compound. Tri-
phenylphosphine reacts with hydrogen persulfids, stg* to form
triphenylphosphine aulfiéa$% This indicates that triphenylphose
phine will not form a stable compound having the phosphorus
attached to two -3H groups. Benzoguinone rescts readily with
tertiary phosphines to form staeble compounds, On the basis of
analysis and molecular welght determinations, Davies and

54

Walters™ = assigned to them the following gtructure:

_CHeCH. 0~

O=C
SCHegH “PR,

Later, Schdnberg and Wichaelis®® found that these compounds
were easily broken down upon treatment with aqueous alkali.
Since a phosphorus-carbon bond would probably not undergo

¢leavapge under the conditions used, it is suggested that a

rhosphorus-oxygen bond is involved:

54. Davies and Walters, J. Chem. Sce., 1786 (1935).
55. Sechbnberg and Michaelis, Ber., 69, 1080 (1936).



_CH=CH._ -
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The three known compounds of the type Alkir,P, methyldi-

phenyl~, ethyldiphenyl- and methylditolylphosphine, were
prepared by Hichsells and L&gk56 from the corresponding di-
arylehlorophosphines and orgenozine compounds. The Grignard
reagent would be an excellent reagent for the synthesis of
this type of compound; however, its use for this purpose
has not been reported. These compounds are olls having
pungent odors. Their chemical properties are not unlike those
of triphenylphosphine.

Beecause of the ease of prepsrstion of the aryldichloro-
phosphines a large number of compounds of the type
&1k3&rP¢$’5?’53 have been prepared. A number of them were
prepared using alkylzinﬁ%ﬁ’ﬁé’gs eompounds and later Davies and
ee~w&r§ars§g’5g’@k prepared them using the Grignard reagent as
the Reactant. An unsymnmetrical phosphine was prepared by heate
ing dlethylbenzylphenylphosphonium ehlari&aéﬁ %0 produce sthyle
benzylphenylphosphine:

(Ggﬁﬁ)g(gﬁﬁﬁaﬁz}(Céﬁs}Pcl (agﬁg)(eﬁﬁseﬁg}(cﬁﬁs)P + CpHg0l

56, Michaells and Link, Ann., 207, 193 {(1881).

57. Hichaelis and Aanaﬁaff, Eer,, '8, 493 {1875).

58. Michaelis, Ann., 181, 265 (1876).

59. Davies, Pearse an Jaaas, J. Chem. Sos., 1282 (1929).
60. Davies and Jones, ibid., 33 (1929).

61, Jackson, Davies and Jones, ibid., 2298 (1930).
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An unsuccessful attempt waes nede to resolve the compound.
These tertiary phosphines, in addition to the characteristie
resctions previously deseribed, form addition compounds with
carbon disulfide, ﬂzﬁ‘Pgﬁﬁg* Dry hydrogen chloride or methyl
fodide causes the elimination of the carbon disulfide and the
formation of phosphonium compounds. Dimethylphenylphosphine
is equally as basic as dimethylaniline.

Compounds of the type AlkArir*P are formed when dlalkylw
zineag compounds or alkyimagaaaium‘haliﬁaséﬁ react with
phenyl-p~tolyle or phenylpssudocumylehlorophosphines. Radoliffe
and 8rinﬁlayﬁa attempted to resolve methylphenyl-p~tolylphos-
phine, but were unable to obtain the product in crystalline
form.

The phosphonium halides contailning from one to three
aronatic groups are readily prepared by treating the phesphine
with an alkyl bhalide:

RaP # R'X wees, RBgR'PX
These are all orystalline compounds thet form double salts
with platinie chloride.

When arylphosphines are treated with monochlorcacetic acid

or ethyl monochloroacetate, phosphonium compounds are formed

62, Michaelis, Ann., 315, 60 (1901); Wedekind, Ber., 45,
2933 (1912). ““""1 L g T =

63. Radeliffe and Brindley, Cheamistry and Industry, 42, 64
(1025) /Code, 17, 1621 T1953) 7 S



whish are converted by alkall to phoaphorabataineaﬁé*ﬁﬁz

| _CHgCOOH _CHg
RgP + C1CHpCO00H —> RgP( HaOH | RgP N C=0
 If the chlorocacetic acld is replaced by an & -chlorokstone, the
ketonic group is introduced and the produet is known as a
ketobetaine.

Only two aromatic phosphonium salts, tetraphenylphose
phonium bromide 52 gna triphenyl-g-naphthylphosphonium brgmiﬁaéé
have been prepared. These are prepared by the oxidation of a
mnixture of triphenylphosphine and the Grignard reagent. When
these compounds are digested with freshly preciplitated silver
hydroxide they yield strongly alksline solutions. These
hydroxides decompose t0 give the phosphine oxide when the solu-

tions are concentrated:

(CgHs)5(CpoHy) POR —es (Oglis) 5P=0 + Gyl

Triphenylphosphine &ihyéroxi&eﬁz is prepared by adding
bromine to triphenylphosphine, then treating the resulting
syrup with sedium hydroxide. The dihydroxide is insoluble in
water and crystallizes in thin prisme from a benzene-pstroleum
ether mixture. If the dihydrozide is dried over sulfurie
acid, or is heated to 100° in water, it changes over to tri-

phenylphosphine oxide.

64, Michaelis and Gimborn, Ber., 27, 272 (1894).

65. vorral, J. Am. Chem. Soc., 52, . 2933 (1930),

66. Medoks, J. Gen. ;n em. (U.S.5.R.), B, 298 (1938) [C.i.,
32, 5394 ~(1938),
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The tertiary arylphosphine oxides may be prepared as
iaﬁi#aﬁaﬁ above or by oxidation of the phosphine. Triphenyl-
phosphine islrasiatant to oxidation with oxygen when 1t is
suspended in water; however, if diphenyl disulfide is udded

the complex formed is readily oxidized by axygaﬁﬁ?,

{CpHin)oBs  af¢ Dus
EiﬁﬁﬁﬁlaP + Qz 3(3335}3P*ﬂ

Peracetic aéiﬁéa reacts with triphenylphosphine to give a 93%
vield of the oxide. Selenium ox1de®® 1s reported to convert
a solution of triphenylphosphine in dry benzene to the oxide;
however, no ylelds were in&ieateﬁ; The oxidation with bromo-
nitromethane’0 gives almost a quantitative yield of the oxide
and the same is true of alkeline garm&aganats*g.
The mixed phosphine oxides of the type ﬁlkﬁrgFG can be

prepared by the action of heat on the alkyltrisrylphosphonium

hydroxide:
(CeHg) 5(Collg) POH ———> (CgHg) p{CHg) P=0 + CgHy

It 1s interesting to note in connection with this reaction
that the ease of cleavage of a series of radicals appears to

be in the following order: a»ﬂlﬂﬁymﬁﬁ > Géﬁgﬁﬁg~?1'> CoHyg~

67, Sochonberg, Ber., 68, 163 (1935).
68. Arbuzov, J. prakt. Chem., 131, 357 (1931) [ C.A., 26,

104 (1932]/.
89, Mel'nikov and Rokitskeya, J. Gen. Chem. (U.S.38.R.), 8,
834 (1938).

70. MWel'nikov, ibid., 7, 1546 (1937).
71. Fenton and Ingold, J. Chem. Soc., 2342 (1929).
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CHg » CgHgCHpCH,~ » CHzCH,- » higher alkyls.

Substituted ammonium hydroxides, having an alkyl group
containing two or more carbon stomg, are degraded in a similar
manner, but the radical removed becomes an ethylenlc compound.

1 have suggested a reaction mechanism to

Fenton and Hmmﬁwmw
explain the fact that the radical removed from the phosphonium
compound becomes a saturated hydrocarbon. Since nitrogen is
the first member in the family group, it is impossible for
more than an octet of electrons to be contained in its valence
shell. The tertiary amine hydroxides should, therefore, be
completely ionized in solution., The phosphorus atom, having

& larger atomic radius, can add two, or sometimes four,
electrons in sddition to its normal cctet. HNaturally a highly
bausic anion such as the hydroxyl ion would favor this tendency.
In this form the base could lonize as a weak acid, the high
concentration of the hydroxyl ion also favoring this reaction,
This new negative ion can, in a single step, recover both 1ts
neutrality and its octet by the ejection of an alkyl radlcal
as an anion and forming the highly stable phosphline oxide.

The anion, of course, is at once converted to the hydrocarbon:



If the four radicals, haere represented as R, are different,
the radical having the greatest tolerance for a negative
charge, or, sccording to the terminology suggested h&
Kharasch, the more negatlve radical, will be sjected. When
there 1ig a considerable difference in the negativity of the
radicals involved, the more negative radical is ejscted to
4tha exclusion of the others. However, when the radicals are
of about the same order of negativity, as is the case with
p~-propyl- and p-butyl-, the ejection ocours almost at random.
The relative ease of ejection, as would be expected from the
above mentlioned mechanism, is in agreement with Kharasch's 72
series, with the exseption of CpHgCHy-.

If the phosphorus atom, under the conditions used in the
reaction, does not admit the decet of electrons to its outer
electron shell, the reaction probably tekes the following
course, There is first a radical-hydroxyl exchange of the

72. EKarasch and Flenner, J. Am. Chem. Soc., 54, 642 (1932).



type observed by Calingaert and co-workers'S for the random
distridbution reaction and by Gilman and co-workers®® in the
halogen-metal interconversion reaction, then the Esy*ﬁﬁ
compound, by loss of a hydrogen ion, would be converted to the
neutral phoaphine oxide: |

r* r*

R PR + :_é:ﬁ" — SR P :%xﬁl + R"
R R
R R

R: P :é:ﬁ > R: P 0’ + H'
R R

. Rﬂw + ﬁ.‘ﬁ Rg

This reaction would be favored by the high concentration of

the hydroxyl lon and would be irreversible because of the ease
of formation of the unreaective phosphine oxide. The phosphor-
ug, in phosphonium compounds, is & negative aton, ?harefnrn.

& highly negative radical should undergo this reaction with
greater essgse -than the relatively positive raﬁieala; and axperi;
mental evidence substuntiates this conclusion. The a-napthyl
and phenyl groups are ejected ﬁt low temperatures while some

73. Celingaert and Beatty, J. Am. Chem. Soc., 81, 2748 (1939);

Calingaert, Beatsty and Neal, ibid., €1, 2755 (19839);
Calingeert and Soroos, ibid., 61, 2758 (1939).
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of the more positive aliphatic groups are not ejected until
the temperature »u,wmmw enough that some ethyleniec degrada~-
tion occurs. To explain the exclusive ethylenlic degrada~
tion of the ammonium compounds, it 1s necessary to make the
agsumption that the temperature necessary for the paraffin
decomposition with the more negative nitrogen atom is higher
then that at which the ethylenle degradation ocours.

Another important method of prepering these diarylalkyl-
phoesphine oxides 1s the previously mentioned reasction in
whieh the diarylphosphinites are caused to rearrange %o give
the axwﬁamww

The dialkylerylphosphine oxides are prepared by the
oxidation of the phosphines or by the decomposition of the
phosphonium hydroxides by heat’%, There are no important
reactions of this type of compound. These compounds are of
interest because 1t was through the resolution’# of the un-
symmetrical phosphine oxide that the tetrahedral distribu-
tion of the 4wwamaam of the phosphorus atom was demonstrated,

The oxides, RP0O,, corresponding to the nitro compounds,
have no parallel in the arsenical compounds, They are pre-
parsd by heating the dried arylphosphonic acids with the

74. lHelsenheimer and Iichtenstedt, Bar., 44, 356 (1911);
Meisenheimer, Casper, HOring, Leuter, Lichtenstadt
and Samuel, Ann., 449, 213 {(1926).
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sorresponding &xyahl&riﬁas‘ﬁ’vﬁ’ve‘.

They may also be prepared by dehydrating the phosphonic aoclds

with phosphorus pentachloride, but the resulting products are

not so orystalline as those formed by the former method.

These oxldes differ from the nitro compounds, in that they are
true acid anhydrides and are readily aeﬁvartaﬁ by water to

the corresponding phosphonic acids.

There are three types of acids in the arylphosphorus
series, namely RP(Q&}Q, RPO{0H},, and R,POOH. The phenyl
derivatives of these aclds were known before the correspondw
ing arseniocsl ocompounds were prepared, the method of prepara-
tion of the phosphorus compounds being adepted to the prepara-
tion of the arsenic derivatives. However, the diazonium
reaction, that has been so successful in the preparation of
the arsenic compounds, has not been so fruitful in the phos-
phorus series.

The phosphinous acids, RP(CH),, are generally prepared
by hydrolysis of the corresponding éiéhlsraphaspﬁinas with

58,46,48,77

water or alcohol:

75. Hichaelis and Rothe, Ber., 25, 1747 {1892).
76. Michaells, Ann., 315, 43 zlaﬁl); ,
77. Michaelis and Anapoff, Ber., 7, 1688 (1874),



Sodium hypophosphite, NaH,P0,, reacts with diazonium
compounds to give the phosphinous aﬁiévaz

. o , /Tus - of s
CgHLN,CL + NaH, PO, esgswai)g

The acids of this type are all solids that rsadily form
metal salts and double salts with hydrazines. HNo nitro or
amino substituted acids are known and the halogenated-acids
are not obtained by halogenation, The ssters are obtained by
treating the aryldichlorophosphines with sodium alkoxides.

The phosphonic acids, R?&{ag)ﬁ, are prepered by the
hydrolysis of the corresponding tetrachloride or oxy-

ehlari&evg’ge:

RPCl, + BHOH ———> RPO(OH), + 4HC1
RPOCL, + 2HOH ——s RPO(OH), + 2HCI.

These acids are solid, stable compounds that can be nitrated

or halogenated., Some carboxylic scids are known, these being

prepared by mild oxidation of the tolylphosphonie aai&sﬂl*

The phosphonic aclds lose water when heated to form the pyro-
phosphonic acids, and they may be decomposed by heating in s
sealed tube with bromine®®. When heated with aedaaltmaaa,

they are decomposed to form & hydrocerbon and phosphoric acid,.

78. Pletz, J. Gen. Chem., 7, 84 (1937} /C.A., 31, 4965 (1937)7.
79. Michaelils and Magthals, Ber., 7, 1070 (1874).

80. Michaelis and Kohler, ibid., 9, 519 (1876).

81, Hichaelis, inn,, 293, 261 (1896).

€2. Michaells and Benzinger, Ber., 8, 517 (187s).

kg
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The diethyl estersS> may be prepared by heating the silver
salt of the acld with ethyl lodide, while decomposition of
the tetraohloride, RPCl;, with ethyl alcochol gives rise to
a mono-ethyl ester, RPO{OH)(0CgHg). If the tetrachloride is
heated with phenol, hydrogen chloride is evolved and the
diphenyl ester is formed.

The phosphinic aclds, RpPO(0UH}, are also prepared by
hydrolysis of the phosphorus hali&aﬁaz

RpPCly + HOH ——> R POOH

These acids undergo the same transformations as those des~

cribed for the phosphonic seids,

Substitution in Arylphosphorus Compounds

The phosphines are quite sensitive to oxidation reasgenis.
The halogens add to them to form the pentavalent dihalide.
likewise, nitriec acid and sulfuric acid react with them to
form, respectively, the dinitrate and the disulfate, Conse-
gquently no nuclear substitution reactions have been reported
that could have taken place with the trivalent phesphorus
compounds.

p-Butyllithium has been found to metalate triphenylphos-
phina*z to give, upon earbonation and hydrolysis, a mnono-

carboxytriphenylphosphine . The acid was syntheslized in the

83, Michaelis and Kammerer, Ber., 8, 1306 (1875).
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following mennper: Diphenylchlorophosphine was treated with
an excess of p~bromophenylmagnesium bromide to obtein
m-bromophenyldiphenylphosphine. The latter compound was not
isclated, but was subjected to steam distillation to remove
bromobenzene. The ether solutlion was then treated for a
short time with p-butylllithium and the product was carbonated.
The resulting m-carboxyphenyldiphenylphosphine was identical
with the product obtained by metalation of triphenylphosphine:

QPO + BeCHgld —er O\?O LMoo, O\PD%QE

COy

U s — 0, O 0,0

The validity of the halogen-metal interconversion reaction,

with this type of compound, was tested by reacting p-butyl-
lithium with p~bromophenyldiphenylphosphine. The melting point
of a mixture of the resulting pars aecld and the meta acid was

decidedly lower then the melting points of either of the pure
compounds. It is of interest to note that triphenylamine also



undergoes hydrogen-metal interconversion to form e meta
subgtitution product.
Michaelis and Soden®*® treated triphenylphosphine oxide
with a mixture of fuming nitric and concentrated sulfuric
&aiﬁg to obtain & product thaet they believed to be the

tri-penitrophenylphosphine oxide. However, Challenger and
Wilkinson® have reduced the trinitro compound to the tri-
amino derivative, then converted 1t, by means of the
Sendmeyer reaction, to the same trichlorophenyliphoaphine
kuxiﬁa aa‘tha pne prepared by treating phosphorus oxychlore
ide ﬁiﬁn,gpﬁalaraykanylm&gnaﬁiam bromide. The nlitre group,
therefore, is orlented to the gggg pogition when triphenyl-
phosphine oxide 1s nitrated. Nitretion of triphenylphos-
phine dihydroxide48 alsc results in the formation of
%rxﬁgwai@xaghaaylgﬁaﬁ§hiae oxide.

Attempted halogenation of the triarylphosphines and
oxides results in &aa@m@agitian of the molecule.

ﬁighanyl§h0$§hiaiesﬁ acid was nitrated by a mixture of
fuming nitriec and sulfuric acids to glve a dinitro compound
that, by amalogy with the orientation of triphenylphosphine
oxide, is di-m-nitrophenylphosphinic aecid.

Miehaelis and Eaﬁsingaxﬁﬁ have obtalned a mononitro-
phenylphosphonic acid by nitretion of phenylphosphonie

84. Challenger and %ilkiasaa, J.f:'gg %aa., 2675 {(1924).

S, §§Xk@uii oE ) Bennioce ‘zigfé , 8, 1511 (1875);

86. chaelis an izinger - 8 .
188, 276 (1877) " ’ P aaa-,
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aeid. The sulfonic group is a meta directing group and the

phosphonic group aﬁwwﬁ 8 greater resemblance to this group
than to the P=0 group in triphenylphesphine oxide, whieh is
also a meta directing group; therefors, there lz little
doubt that the nitration product is m-nitrophsnylphosphonic
acid.

The o0-, m~, and p-tolylphosphonic mam@mmw are more
easily substituted than is phenylphosphonic acld, These acids
can be halogenated without cleavage if the reaction mixture
is kept gquite cold. Chlorination of o-tolylphosphonic acid
gives 2-methyl-B-chlorophenylphosphonie aeid, and similar
treatment of m-tolylphosphonic acid results in the formation
of Z-chloro-3-methylvhenylphosphonie acid, Nitration of
p-tolylphosphonic acld gives 3-nitro~4-methylphenylphosphonie
acid, In these three reasctions the entering group has been

directed oXrtho, meta, and para to the phesphonic group,

while in no instance has it been directed mets to the methyl

group; therefore, the phosphonlic group has a weaker directive

influence than the methyl group.

Reastion of Organometallic Compounds with Arylphosphines

Phenylphosphine, as would be expected from its eimi-
larity to aniline, resots with ethylmagnesium bromide to
liberate two molecular equivalents of ethane. The resulting

dimagnesium bromide was not isolated, but 1ts existence in
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the brownish-green solution was shown by the i1solation of
the dimagnesium bromide salt of the acld ocorresponding to
a substituted carbamie aeid in the nitrogen series®’:

OgligPH, + 08gHen

s 20 Hg + CoH P(MgBY),

200 | CallgP(COMgBY) 5.
n&phanglphaspﬁiaa, {caﬂg}eﬁﬁ, wag shown to reamect with the
Grignard reagent in asccordance with the above reaction to
give & nonomegnesium bromide.

Triphenylphosphine has no active hydrogen, consequently
it does not react with the Grignard reagent under ordinary
eircumstances. However, in the preparetion of triphenyle
phosphine from phosphorus trichloride and phenylmagnesium
bromide some tetraphenylphosphonium bromide wag usually
isolated. Further investigation showed that when oxygen wes
passed 1nto a mizture of triphenylphosphine and phenyl-
magnesium bromide, and the resulting product was hydrolyzed
with hydrobromic acld, a high yleld of tetraphenylphog-
phonium bromide was obtained. Dodonow and MedoxO? have
suggested the following mechanism for the resction:

87, Job and Dusollier, Compt. rend., 184, 1454 {1927).
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{Qgﬁﬁlﬁ? +

(CoHg) 50~ GCgHs  (CgHg)gP. ©
2lg) o M ﬁﬂﬁ ( 65! 3 ‘Egissﬁs + {OgHg) 20

(CoHg) 0 e (CoHgl 0" Br
&
(CeHg) 5P~ _CgHy (CllglaPo,, -Cells
g HE
(G Hg) 0" Br (CgHls) 0
oy Lells f%ﬁs’é’\% e G2 )2

Mg T+ {CpHr) o0
(CgHg) 0" TBr 2"s)2 Br~ ‘ﬁ{caﬁsig

L7

| o
| | o N ,
(CgHg) Pg,, OlCH) fHioE7 (Cglig) JFOH + HE_ *+2(505)50

Br~ "O(CgHgl,

OH

The codrdination complexes /i/ and /B/ were assumed to explain
the formation of the tetraphenylphosphonium bromide, which was
obtained from the eomplex /C/. There were other possible
courses that the resetion might take to glve the same final
products. Therefore, 8 seriss of experiments wes planned and
sarried out for the yargase of establishing the true mechan-
jism of this reaction.

It, at first, appeared highly improbable that a complex
compound, such as compound /i/, would be oxidized at the
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codrdinate bond when an organometallic bond was present, or
that triphenylphosphine would be oxidized in preference to
the orgesnometallic compound. Since the ylelds of phenol
obtained by the oxidation of phenylmagnesiunm bra&iﬁaﬁa and
phenyllithivm 42,89 were much lower than the ylelds of tetra-
phenylphosphonium bromide obtained from these compounds, the
organometalliec compound was elther not involved in the oxida-
tion, or the triphenylphosphipe acted as a catalyst for the
reaction. Proof that the oxidation of the organcmetallic
compound was not a step in this mechaniem was obtained when
lithium phenoxide failed to react with txiphaﬁylphaspﬁiﬁa*
The failure of the phenoxide %o react also eliminated the
proposed oxidation of complex /A7 at the orgencmetallic bond,
for the phenoxide should react with triphenylphosphine to
form the oxidized complex. A consideration of the slectronic
strusture of the suggested oxidation complex supports the
above evidence, for & rearrangement of this compound should

give tetraphenylphosphonium bromide and magneésium oxide:

88, Oilmen and Wood, J. Am. Chem. Soc., 48, 806 {1926).
89. Mliller and Topel, Ber., 78, 275 (1939).
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Ok sedts — | (R |+ bri o+ ued

¥o evidence for these products has been noted prior to
hydrolysis of the resction mizxture with hydrobromic acid.
Triphenylphosphine, suspended in water, was not oxidized
by oxygen gas unless a catalyst wes yresaﬁ%ﬁ?. Since trie
phenylphosphine wasg soluble in ether, there was a possibility
that the oxide was first formed and then reacted with the
organometallic compound to give the phosphonium hydroxide.
4B a check on this mechanism, oxygen gas was passed into a
eold ether solution of triphenylphosphine, but neo apprsesciable
oxidation ocoeurred, This did not preclude the possibility
that the orgenometallic compound acted s a catalyst in the
econversion of the phosphine to the oxide, which then reacted
as suggested above. That this was not the course of the re~
action was shown by tresting triphenylphosphine oxide with both

phenyllithium and phenylmegnesium bromiﬁﬁaz*gﬁ* In neither

90. Gilman and Vernon, J. Am. Chem. S0c., 48, 1063 (1926).
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molecules and when the Grignard reagent was used the yield was
high. The alkaline metals are strongly slectropositive and
have little tendency to form complex molecules or chelate

. compounds. The lower yield when phenyllithium was used indi-~
cated that the codrdinate complex, if formed to as large an
extent as wlith the Grignard reagent, was less stable and more
likely to undergo side reactions. GSinoce phenylsodium was
insoluble in benzens, the nonpolar solvent used with it,
complex formation appeared unlikely to oceccur, and no evidence
for the formation of tetraphenylphosphonium bromide was found.
Thege results indicate that the resction takes place only
when the codrdinete complex is present and they msy best be
interpreted by the following mechanism, which is essentislly
that proposed by Dodonow and Hedox:



) 0 ()0

OB+ (OgHs) g0 Mg : OlCHHg) g ——> < >iF « ig:i0(Cghs)e
.o ’BI;‘;' e gi’

fr

9 C

Acgording to this schems, the complex compound /[I/ is
oxidized to compound /II/ whioch rearranges, with a 1,3- shift
of the phenyl group attached to the megnesium to the more
stable lon.

Triphenylphosphine is metalated by n~butyllithium to
give a meta substitution product, as discussed in the pre-

ceding section.
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Staudinger and %ey&rgl have prepared triphenylphoge
phinediphenylmethane by the interaction of triphenylphos-
phine with diphenyldiszomethane to produce a phosphazine
which loses nitrogen when hesated:

(CeHg) gP + (CgHg) oO0Np o (CgHg) o7 = N-N=C({CoHy)
Ky + (OgHg) gP=C(Cgls) »

This compound was remarkable because of the fact that all

five valans&& of the phosphorus atom were attached to pcarbon.
However, since the properties of ths compound resembled those
of the tetrasmethyltriphenylmethylemmonlium prepared by Bechlenk
and Eﬁitzga there was a question as to whether or not the
five valences were squivalent. In the hope of galning
further knowledge concerning the valence of phosphorus,
Coffmen and Marvel?® have investigated the resactions of
alkali metal alkyls with phosphonium salts.
Triphenyldiphenylmetylphosphonium bromide raa@taywiﬁh
n~butyllithium or triphenylmethylsodium to produce a good
yield of triphenylphosphinediphenylmethylene.. The other
phosphonium salts that were used were methyl~ and ethyltri-
phenylphogphonium. iodides and isopropyltriphenylphosphonium

bromide., Thess compounds reacted with an ether sclution of

91. Staudinger and Meyer, Helv. Chim. acta,, 2, 635 (1919),
92. Schlenk and Holtz, Der., 49, 603 (1916).
93. Coffman and Marvel, J. ﬁm‘ Chenm. Soe¢., 51, 3498 (1929).



o GE -

o-butyllithium or triphenylmethylsodium to produce a colored
solution, which was decolorized on exposurs to molst air, The
products isolated after decomposition were, respectively,
diphenylmethyl-, diphenylethyl-, and diphenylisopropylphos-
phine oxides, To account for the formation of both triphenyle
phogphinediphenylethylene and the phosphine oxides, the
agsumption wes made that the first product of the reaction
was & phogphinemethylene that reacted with the moigture in the
air to form a phosphonium hydroxide which descomposed to give

the phosphine oxide and benzene?S:

CHz

(CgHg) 5P g T ECEl — (Cglig) zP=CHy + IAI + CH; 4

cH
(Cgllg) gP=CH, + HOH — (Cglig) 4P Nom

(CgHg) o (CHg)P=0 + Cglg.

There wag no indication in any of these reactions of the
formation of a phaspharus compound in whieh Tive equivalent
valences were combined with organic radicals.

Grignard and savard®® have reported the formation of a
triphenyldiethylphosphine by the following sequence of re-

aptions:

 (CgHig) gP01, + RMEK — (CgHly) sP(MEX) ,O2H8T, (CoHolP(C,Ty)

94, Grignard and Savard, Compt. rend., 192, 529 (1931).



However, B&euntgﬁ has shown that the compound prepared by
Grignard and Savard was triphenylethylphosphonium iocdide.
The melting polnt of this ecompound changes upon exposure to
air, which probably eceounte for the observation of Grignavd
and Bavard that the melting polint of a mixture of their
compound snd some authentic itriphenylethylphosphonium iodlde

was depressed.

Preparation of Arylamines

Aniline, the simplest of the aromatic amines, was iso-
lated by Gavarﬁarkangs§ in 1828, by the distillation of
indigo. It was isolated from coal tar by Runge®’, in 1834,
and was synthesized by Einiﬁga. in 1842, by the reduction of
nitrobenzene. In 1843 Hofmann®® showed that the bases from
these thres sources were ldentical. The basls of our knowl-
edge of aniline and ite sllies was laid down in 18B46-51 by
A. We Hofmann in his "Contributions to our knowledge of the
volatile organiec bases."100 The primary aromatic amines are
either sollds or high~boilling liquids, and are easily

accessible by reduction of the nitro compounds that are

95. Blount, %g Chem. Soc., 337 {1?32); ég%i {1931). (1 |
96. Unverdorben, Annalen der physik und chemie, 8, 397 (1828).
97. Runge, ibid., 51, 65 (1854). T

99. Hofmenn, ibid., 47, 37 (1843).

100. Hofmann, 1bid., 79, 11 (1851) and earlier papers.
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obtained by direct nitration. They are the starting materisl
fér the preparation of & large number of compounds of great
technical importance. Consequently, there is scarcely any
class of substances which has besn investigated more thore
oughly and with more success.

There are e number of methods of preparing primsry
aromatic &%iﬂﬁﬁlal but they are generally prepared by the
reduction of the nitro compounds.

A halogen stom can be replaced by an amino group if a
mixture of the aromatic halide and ammonjum hydroxide are
heated in & pressure bomb. The halogen atom is usually Te-
placed %itﬁ difficulty, hence the reaction is used only in
special cases, such as the preparation of 4-aminodibenzo-
furaalgg, where ‘a nitro group cannot be introduced.

A hydroxyl group can be rsplaced by an amino group in
certaln arometic compounds if the hydroxy compound is heated
under pressure with a solution of ammonium sulfite and
ammonia.

The Hofmann rearrangement may be used in special cases
for the preparation of primary aminea, The primary aromatic

amines may be converted to sscondary and tertiary amines.

101l. For references to original literature the reader is
roferred to Hickinbottom, "Heactions of Orgenie Com~
pounds", Longmans, Green and Co., New York, (1936)

?P * 33»3“318'
102, Gilmen and Van Ess, J. im. Chem. Soc., 61, 1365 (1939).
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They can be ﬁlkyl&taﬁlﬁﬁ by heating with alkyl halides or
alkyl ﬂﬂlf&%eﬁ? such as dimethyl sulfate. In these alkyla-
tion reactions, a mixture of the secondary and tertiary
emines 1s usually obtained. These may be separated by treat-
ing the mixture with acetic snhydride or benzenesulfonyl
chloride, with which only the secondary bdbase reacts to glve
an amide, The amide is nonbasic whille the tertiary base is
#oluble in d4ilute minersl mcids. The secondary base can be
recovered from the amide by hydrolysis. DSeveral nethods are
known by which monoalkyl anilines can be obtalned unaccompa-
nied by the tertiary bases. For exsmple, acetanilide forms
a sodiwa derivative whiech reacts readily with alkyl halides
t0 glve K-alkylacetanilides that can be hydrolyzed to give
the secondery amine. Also aniline condenses with aldehydes
apd with some ketones to form the so-called Schiff'e bases.
Thess bases can be reduced to secondary amines by sodium and
alschol., Treatment of & Schiff's base with a Grignard re-
agent forms an addition complex that is hydrolyzed by water
to give s secondary amine:
H H H
eaaﬁxzwflm + RYMEX —mmer CHigh — %:-ﬁ Hz0 Cefig-N-0-R

I
HgX R* H RY.

103. ©Sidgwick, Taylor and Baker, "Organic Chemistry of Hitro-
gen", Oxford University Press, New York (1937) pp. 57-61.



Another method consists in treating the Schiff's base with
methyl iodide or dimethyl sulfate. A quaternary salt is
formed which is easlly hydrolyzed by water to give an

H-methylamine:
H H
| ) | 4. + -
Qaﬁsﬁaﬁucﬁﬂﬁ + Gﬁgl s [C§R$§-Q~Q$ﬁ§} [1]
B »‘335
H

H,0 | -
By CgHgNCH, + CgHgCHO

Since the aromatic halogen compounds are more stable
than the sliphatic halides, the secondary and tertiary
&r&matia amines are more difficult to prepare. The reaction,
however, is facilitated by the use of copper bronze or of
cuprous iodide, potassium carbonat EG% and higher temperaw
tures. The introduction of one or two groups is usually
governed, more or leass, by the guantity of aryl halide
present. However, if a diaryleamine is desired, it is best
to use the acetyl derivative of the amine as starting
material:

ﬁ s 0~c~sﬁg H

HC1

Goldberg and ﬁi&arav&kyzﬁg treated a solution of

104. Goldberg, Ber., 38, 1691 (1908): 40, 4541 (1907);
Germen Patent 185, 663, 187,870.
105. Goldberg and Kimﬂrevaky, Ear‘, 40, 2448 {(1907).
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anthraniliec acid in nitrobenzens with iodobenzene and
obtained a high yield of H,H~diphenylanthranilic aeid,

Copper powder and potassium carbonate were used as catalysts,
and the reaction was carried out at the boiling point of
nitrobengzene,., CGoldberg later attempted to duplicate this
reaction using p~aminobenzoie seld in pluee of the anthra-
nilic aeid but obtalned no condensation praﬁuetlgﬁ¢ An
attempt has been mude to condense p-iodchenzolic acid with
diphenylamine, using these conditions, but the acld was
decarboxylated before condensation had taken plaee*a.

In an ettempt to stabilize the carboxyl group, the
methyl ester of p-aminobenzolc scid was prepared. This was
treated with a learge excess of iodobenzene; however, on the
basis of the analysis, only one phenyl group was introduced
to give methyl N-phenyl-p-aminobenzoste. Since the above re-
action failsd to glve the desired tertisry amine, but did
indicate that the methyl ester was a satisfactory reagent
for this type of synthesis, methyl p-iodobenzoste was pre~
pared. It condensed resdily with diphenylamine to give msthyi
N,N-diphenyl~p-aminobenzoate, In this latter reasction a

modification of the conditions used by Kawaila?, in the

preparation of p-nitrophenyldiphenylamine, was employed., The

106. GColdberg, Ber., 40, 4851 (1907). V
107, Kewai, J. Chem. Spc. Jepan, 49, 235 (1928) [/ C. A.,
24, 80 (1930)_/, |
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only essential difference being that the reaction mass was
mechanically stirred and the solvent, nitrobenzene, was re-
placed by & small guantity of xylene. HMethyl N,N-diphenyl-
m-aminobenzoate was prepaered in the same manner. These esters
were quantitatively hydrolyzed by bolling alkall to the
eorregponding acids.

Diphenylamine can also bhe obtalned by hsating equimolecuw
lar amounts of aniline and aniline hyﬁroahleridelﬁs in an
autoclave to 200-230°, Claus and Nicolaysen®? treated
me-aminobenzoic acid with aniline hydrochloride to obtailn an

acld which undoubtedly was H-phenyl-m-aminobenzoic acld:

Omig.zml + Hzﬁ—QCGQH - Qx‘;_O-ct}m
H

Substitution in Arylamines

The primary amino group has a powsrful sctiviating in-
fluence on the ortho and para positions. Anilipe chlorin-
ates with great esase, the 2,4,6~trichloroeniline being
formed. 1If chlorine is passed into & solution of aniline
in hydrochloric acid the trichloro-derivative is formed but

108, ?aLai§s, Girard and Chapoteaut, Compt. rend., 83, 93
18686).
109. Clsus end Nicolaysen, Ber., 18, 2711 (1885).
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most of it is hydrolyzed to 3,&,6~trieh1awa9henalilﬁm
Better yields of the chlorinated aniline are obtained by
using acetic acid, chloroform, or benzene as the solvent.
By carefully adding bromine to a solution of aniline in
benzene, 4-bromoaniline, 2,4-dibromoaniline, and
2,4,6-tribromoaniline are obtainedlll, Aniline may be
nitrated by nitrogen dioxide to glve small quantities of
o- end p-nitroaniline’l®, If a mixture of aniline and oone
centrated nitric acid is warmed pioric acid is formeall3,
When aniline is dissolved in a large quantity of cold con~
centrated sulfurio acid and the caloulated &maaat of nitrie
acid, diluted with aanéaﬁtxaﬁa& aﬁiraxia~aeﬁﬁ, is slewly
dropped into the solution m- and p-nitroaniline are obtained
with some g-nitroaniline ae a by-productil®, with concen~
trated sulfuric aeid, aniline first forms benzenesulfamic
acid, which when heated rearranges ta~giva'2pa&iaahanzsnam'
sulfonic acid or sulfanilic acialld,

Diphenylemine is brominated in aleochol solution teo pro-
duce 3,&,2*,&*~tﬁtr&brw&@éﬁgﬁanylam&naﬁlﬁ whioch will, when

110, Hafmaﬁa, f*«,, gg, 3, $5 (iﬁ@ﬁ}.

115‘ Muspratt &ﬁﬁ“ﬁbfﬁ&ﬁﬂ, Ann., 87 , 210 (1848).

114. FHEibner and Frerichs, Ber,‘ 16, i71e (1a8v7); ~Ewlbner,
Ann., 208, 299 (1881).

115. BSohmidt, biﬁ;. 120, 152 paaah

116, Hofmann, ibid., > 166 {1864).
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heated to 250° with bromine in the presence of lodine, form

dll?. When diphenylemine is wermed with

the decabromo compoun
fuming nitric acid 2,4,6,2",4',06'-hexanitrodiphenylamine is
terma&lla, Puming sulfuriec acid reacts with diphenylamine to
form N,N-diphenylbenzidine as the principal praauetllg, Ho
doubt the diphenylamine was first sulfonated in the paras

position followed by coupling.

120 iz21

Triphenylamine is halogenated and nitrated™ "in the
para positions.
Carbazole is a heterocyolie compound; however, it is

closely related strueturally to diphenyl amine,

¥

H

It reacts with halogens and nitrie acid to give 8- or 2,8«

substituted compounds and when those positions are blocked

the entering groups go to ths 4- and 4,6- pesiticnslgz.

117. Gessner, Ber., 8, 1511 (1876).

118. Guehm, ibid., 7, 1401 (1874).

119, Kadiere, ibid., 38, 3576 (1905).

120. Vieland, ibid., 40, 4278 (1907).

121. Herz, ibid., 23, 2537 (1890); Piccard and Larsen,
J. Am. Chem. 50¢., 39, 2006 (1917).

122, "Hazzara and Lamberti-Zanardi, Gazg. chim. ital., 22,
238 (1892); 26, 238 (1896); Tucker, J. Chem, S08.,
549 (1926); TI44 (1824¢). -
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Resction of Orgenometallic Compounds with Arylamines

The investigations in this field have not been exten~
give, As previously mentioned, Houben and co-workers=C have
treated a number of mono- and dislkylated anilines with a
Grignard reagent, carbonating the mixtures at high tempsra-
tures. In esch instance they isolated the corresponding
p-carboxylic acid. Then Gﬁéagl treated diphenylamline with a
Grignard reagent unésr gimilar conditions and igsolated =&
monobasiec carboxylic acid melting at 152°. Since the acid
prepared by Claus and ﬁiacl&ysanlﬁg from aniline hydrochlore
ide and gpamiaabaazaie acld melts at 220°, N~phenylanthrae-
nilic acid melts at 1886°, and K-phenyl-p-asminobenzoie zcid
melts at 156%, there is little doubt that Oddo's acid is
Nephenyl-p-aminobenzeic acid. ©Oddo also found that earbazole
will react with the Grignard reagent to give, upon carbonae
tion at higq zampe?aturea, an aecid that was later shown to
be earbazeléwﬁnearbaxyiis acld,

Gilman end Kirbyo© have found that carbazole and N-ethyle
carbazole undergo a hydrogen-metal interconversion when
treated with an ether solution of p~butyllithium to give
carbazole~4~carboxylic acid and S-ethylcarbazole~4-carboxylic
acld, respectively. HMercuration of S-ethylcarbazols, however,
tock place in the a»goéition or pars to the nitrogen atom.

25,42

Aniline was treated with slightly more than one
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equivalent of p~butyllithium in excess of that required to
react with the two active hydrogen atoms of the amino group.
After refluxing for two days the reaction mixture was care-

bonated and anthranilic acid was isclated:

co0H

\K"’Q * 2-CgHgll — E/ g‘“’@ 2 ‘b

The yield was guite low as was the case with ocarbazole. The
yleld of N-phenylanthranilic acid obtained from diphenyle-
amine® was slightly higher, but the yield was less than 15%
of the theoretical amount. p-Butylaniline reacted with
n-butyllithium under similar conditions to give a 2% yleld
 of N-butylanthranilic scid. Since in all previocus reactions
of this type with compounds containing nitrogen, oxygen, or
sulfur directly attached to the nucleus, the lithium atom
was substituted in the position ortho to the hetero atom, it
was expected that triphenylamine would also be substituted

in the ortho position. However, the compound isclated was

shown to be the meta subsgtitution product by the following

sequence of reactions:
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Triphenylaanine and triphenylphosphine have undergone
hydrogen-metal interconversion in the mete position, while
ortho substitution has been observed when primary or
secondary amines are reacted under similar conditions.
Beocause of the similarity of the chemical properties of other
phosphorus and nitrogen compounds, it may be assumed that
the hydrogen-metal interconversion reaction will teke the
same course with phenylphosphine and diphenylphosphine as it
has taken with aniline and diphenylamine,

The resotion of n-butyllithium with triphenylamine and
triphenylphosphine must take place by direct substitution.
The primary and secondary ocompounds react with the asctive
organomstallic compounds to form & salt which may form an

organcmetsllic compound either by undergoing a rearrangement
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or by ﬁiraaﬁ substitution. The metal attached to the hetero
element may rearrange by a 1,3~ shift to give an ortho sub-
gtituted product under the mild conditions used by hydro-
gen-metal interconversion resctions with organolithium come
pounds;or by & double 1,3~ shift to give a para substitution
prnﬁﬁﬁt under th# more severs éaaaiti@aa required for metalaw
tion with ths Orignard reagent. Since the organocmetallie
compounds are commonly characterized by converting them %o
sarboxylie éaiﬁa with carbon dioxide, the question may be
asked as to whether the rearrangemsnt takes place prior to,
or daxiag the c¢arbonation. Mr. C. G. stnakwisahlgahaa shown
thaet carbazole reacts with methylmagnesium ilodide to give a
product that does not give a color testl24, when this product
was heated prior to carbonation a positive color test was
obtained. It is, ﬁherafara, guite probable that the re~
action takes place in the way indicated in the following

eqaaﬁiaaz
O e (0= 2 (1)
N ) N/
H Mgt & MeT 3 coox

The high tempersture required for this reaction would favor

%h# resrrangenent mechanism. I# ramaiag %0 be seen whether

123. Gilmsn and Yablunky, ?, Am. Chem. Soc., 53, 839 {1941).
124. Gilmen and Sehulze, ibid., 47, 2002 (1925).

A
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carbazole, diphenylamine, or anlline will form an organo~
metalliec compound when they are treated with pn~butyllithium,
equivalent in amount to the active hydrogen present and under
the mild conditions employed for the hydrogen~metal inter-
conversion resction with organclithium compounds.

By msking the assumptlion that the phenyl group is nega=-
tive with respect 1o the nitrogen atom, a mechanism can be
constructed that explains equally well the ortho substitution
of the primary and secondary compounds and the meta substitue
tion of the tertiary compounds. The lithium salt of the
primary and the seocondary compounds would differ in
polarityl®® from the tertiary compounds:

J &

Then according to the substitutlion mechanism proposed by
Pfeiffer and %iziageriaﬁ, when the RLi compound ocomes in cone
tact with the aromatiec molecule at the point of strongest
negative polarity it may dissociste to form a complex ion
which may form & neutral molecule by the expulsion of a

protont

125. Ingold, Chem. Rev., 15, 225 (1934).
126, Pfeiffer and Wizinger, Ann., 461, 132 (1928).
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Since there is a differsnce in the orientation when

the Grignard reagent and orgenolithium compounds are used, it
is probable that the rearrangement mechanism is followed by
the RMgX compounds whlile the more active RLi compounds under-
g0 hydrogen-metal interconversion reactions as described

above,



EXPERIMENTAL
Prepasration of Triphenylphosphine

Triphenylphosphine was prepared in general accordance
with a method reported in the literatured®»92, fThe
Grignard reagent, prepared from 15.6 g. (0.84 g. atom} of
magnesium and 9&.? g. {0.6 mole) of bromobenzene, was slowly
added to an ether solution of 18 g. {0.13 mole)} of phos-
phorus trichloride. The reaction was carried out in a
nitrogen atmosphere and the flask was cooled with an ice
bath., Agitation of the resction mixture was secured with
a motor driven stirrer. The resction product was decomposed
with dilute hydrochloric acid {33 cc. of concentrated hydro-
chloric acid and 240 ce. of water)., The ether layer was
withdrawn ané distilled. The triphenylphosphine came over
a 175-8°/3 mm. and melted at 78° without additional purifi-
cation. The yield was 70 - 75% of the thecretical, based on
the phosphorus trichloride used.

Reaction of Triphenylphosphine with n-Butyllithium

The‘g~buﬁyllithium golutions used in thls end the follow-

ing reactions with compounds e¢ontaining phosphorus were
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preparedid, rilteredl®”, and standardizedl®® in the
customary manner.

An ether solution of 0,16 mole of n-butyllithium was
tranasferred to a nitrogen-~-filled thres-necked flask which
contained 12.1 g. (0.05 mole) of triphenylphosphine and
the volume was made up to 250 cc. with ether., The soclution
was refluxed with stirring for forty-six hours., It was
then carbonated by pouring small portions at a time into a
liter flask aant&ining,oné pound af erushed golid carbon
dioxide moistensd with ether. The reaction mixture was
decomposed with dilute hydrochloric acid. The ether extraet
was shaken with an excess of 5% potessium hydroxide solu~-
tion; the alkaline layer was treated with Norit and acidi-
fied by pouring it into a besker containing ice and an
excess of concentrated hydrochloric acld. A 6 g. yleld of
a semi-s0lid acid was secured. This acid was dissolved in
glacial acetie acid end placed in the refrigerator. The
erystals formed, when recrystallized from alcchol, melted
at 157°. The purified product welghed 0.9 g. which repre-
sents & 5.9% yield. A mixed melting point with an
authentic 3&&@16 showed the compound to be m-carboxyphenyl-

diphenylphosphine.

127. Gllman, Langham and Hoore, J. Am. Chem. Soﬁ,, 6z,
2387 (19&&}.

128. Gilman, Wilkinson, Fishel and Meyers, ibid., 45,
150 (1923).
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Anal. Caled.for cigﬁlaﬂzpz P, 10,12; Neut. ZEq.,
306.1. Found®?: P, 10.38 and 10.46; Neut. Eq., 307.5
A small guantity of benzole acid was isclated from the

acid filtrate,

Attempted Short Time Reaction of Triphenylphosphine
With n-Butyllithium

An ether solution of 0.25 mole of triphenylphosphine
and 0.25 mole of ap-butyllithium was stirred in a nitrogen-
filled flask for 1/2 hour before it was carbonated in the
customary manper. The solution was amecidifled with dilute
hydrochloric acid, then the ether layer was extracted with
dilute potassium hydroxide. The extract, when acidified,
became slightly cloudy but no acid material precipitated
put, The recovery of triphenylphosphine was practiecally

quantitative.

Preparation of p-Bromophenyldiphenylphosphine

An ether solution of 25.7 g. (0.1 mole} of p-bromo-
phenyldiechlorophosphine wag slowly added to & vigorously

129, The sample was digested with sulfuric ascid and the
‘ phosphorus was determined by the gravimetrie ma.hod.
Pfegl, "Quantitative Organic Mlercanalysis®, P.
Blakiston's Son and Co., Philadelphis, 3rd. English



stirred solution of 0,22 mole of yhaaylﬁ&gﬁasium bromide
in ether. After raflaxing for two hours the reaction
mixbture was hydrolyzed with dilute hydrochlorie acid. The
ether extract was dried avef anhydrous calelum chloride and
the ether wes removed by distillation. The p~bromophenyl-
diphenylphosphine was distilled under reduced pressure
(b.p. 205 - 210°/4 mm.}., The yleld was 23 g. {67% of
theoretical). Also, 4.2 g, of biphenyl was isolated from
the reaction.

Anal, Caled. for C,gH,,PBr: €, 63.3; H, 4.11;
P, 9,09, Pound: O, 63.6; H, 4.80; P, 9.23.

Preparation of p~Carboxyphenyldiphenylphosphine

A solution of 6.82 g. (0.02 mole) of p-bromophenyldi-
phenylphosphine in a mixture of 30 c¢o. of ether and 20 ce.
of henzene was added to 80 sc. of ether containing 0.02 mole
of pn-butylliithium. The solution was stirred for 30 minutes
in & nitrogen atmosphere before 1t was carbonated with solid
carbon diloxide. The resction mixture was hydrolyzed with
dilute hydrobromic acid solution, then the sther layer was
extracted with dilute potassium hydroxide solution. The
alkaline solution was warmed with lNorit and the acid was
obbuined by pouring the solution into a mixture of concen-
trated hydrochloriec acid and ics. The white yraeiyitata
weighed 3.5 g. and represented a 57% yield. Three
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recrystallizetions from glacial scetic acid gave a pure
product melting at 156°,

Adnal. Caled. for aiﬁﬂlﬁezyz P, 10,13. Found:
P, 10.24 and 10.32,

Preparation of Phenyldichlorophosphine

A mixture of 30 g. of aluminum chloride, 150 g. of
benzene and 200 g. of phosphorus trichloride®® was re-
fluzed in a round-bottomed flask having a condenser unit
sealed to the neck. The top of the condenser was attached
to a U-tube whiech in turn wag attached to a calelum chloride
tube., After 30 hoursg of heating, the evolution of HC1l fumes
was not noticeable. The solution was poured into 400 cc. of
petroleunm ‘ether (b.p. 60 - 68°). The mixture was shaken at
short iﬁ%;rvalﬁ for two hours, then the two layers were
- peparated, The heavy syrupy layer containing most of the
aluminum chloride was discarded. The lighter petroleum ethsr
solution was transferred to a distilling flesk and was
heated until no more distillate could be collected with the
heating bath at 150°, The residue was once more poured into
petroleum ether and the mixture was allowed to stand in a
separatory funnel for 12 hours. A few grams of viscous
liguid collected at the bottom. This was removed and the
petroleum ether solution was distilled with a slow stream of

carbon dloxide. The fraction boiling et 218 - 225° was



collected. The average yleld for several runs was 32.g.,
or about 13% of the theoretical yield based on the phorphorus

trichloride used,

Preparstion of Diphenylchlorophosphine

A mixture of 26.2 g. (0.1 mole) of triphenylphosphine
and 17.9 g. (0.1 moles) of phenyldichlorophosphine was placed
in a round-bottomed flask sealed to an air condenser. The
condenser was closed with a calcium chloride tube snd the
flask was heated in a-metal bath at 280° for 4 hours, then
at 300% for 6 hours. @um dark colored oil was distilled in
a carbon dioxide atmosphere. The yield was 6.5 g., or
29.5 per cent of the theorstical amount of a viscous liquid

voiling at 316 - 320° 96,

Preparation of pm~Carboxyphenyldiphenylphosphine

A benzene-ether solution containing 0.03 mole of
m~bromophenylmagnesium bromide was slowly dropped into a
rapidly stirred ether solution of 6.8 g. (0.03 mole) of
diphenylehlorophosphine. The reaction vessel was filled
with nitrogen and cooled with an ice bath. When the
caleoulated quantity of Grignsard solution was added, a color
wamwwm» indicated a slight excess (previous ocolor tests were

negative). The solution was hydrolyzed with dilute
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hydrochloric acid and was subjected to steam distillation
t0 remove the bromohenzene., No attempt was made 1o isolate
the m-bromophenyldiphenylphosphine, but the ether extract
was dried over anhydrous sodlum sulfate, and was added to
0.06 mole of pn-butyllithium. The solution was stirred in
a nitrogen astmosphere for 30 minutes before it was car-
- bonaked with dry ice. After hydrolysis with hydrochlorie
acid the ether layer was axtracted with dilute potassium
hydroxide. The alﬁfliﬂe aaiutiaﬂ was warmed with Norit and
-’
acidified with cold hydrochloric acid. A yleld of 1 g.
{10.9% of %haaretiﬁal‘b&seﬁ wpon diphenylcohlorophoaphine
used) of acid was obtained which after recrystallizing from
dilute acetic acid melted at 15%°, A4 mixed melting point
determination with the acld obtained by metalation of tri-

phenylphosphine showed no depression.

Oxidation of m-Carboxyphenyldiphenylphosphine

An alkaline solution of 0.2 g. {0.00065 mcle} of
m-carboxyphenyldiphenylphosphine was stirred for one hour
with enough potassium permanganate to maintain a pink color.
The manganese dioxide was flltered out and washed free of
soluble salts. The alkaline solution was treated with Norit
and the solution was acidified with hydrochlorie sacid. The
m~carboxyphenyldiphenylphosphine oxide graduslly erystallized

from the aqueous solution. The pure acid melted at 232°
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after crystallization from alecohol. The yield was 0.12 g.
or 57% of the theoretical amount,

Anal. Caled. for CygHys0zP: P, 9.63. Found:
P, 10.12 and 10.09.

Preparation of Tetraphenylphosphonium Bromide
from Triphenylphosphine

*®
With phenylmegnesium bromide

gﬁeqrﬁiag to the procedure outlined by Dodcnov and
ﬁa&eﬁﬁgg'the r11teredl®? solution of the Grignard reagent,
prepared tra&.eﬁﬁé g,‘gﬁ brm@?baazens‘aaa 1.5 g. of nmage
nesium, was added tﬁ‘”g &« of triphenylphosphine. The total
voluae of the solution was 75 cc. It was allowed to stand
&% room tempersture for 10 miputes, then 4dry oxygen gas was
pas&aﬁ over the surface of the vigorously stirred solution
for 90 minutes., 4 solid soon began to form in the flask.
%ﬁ the end of the oxidation period a solutiocn of hydro=-
bromic acid (9.5 cc. 48% HBr to 20.5 cc. Hy0) was added and
the solid was broken up and washed, in a separatory fumnel,
three times with ether. The aqueous suspension was warmed
and the salt was allowed to crystallize. The 5.75 g. of
orystals, melting at 282-3°, corresponded to an 82.65hyield of
tetrephanylphosphonium bromide éihyﬁraté* One orystalllza-
tion from alecochol sufficed to reise the melting point to
sgye 52,
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The ﬁheayllithiam prapared from 9.56 g. of bromobenzense
and 0,9 g. of lithium was filtered snd added t0 4 g. of tri-
phenylphosphine. The reaction was carried out exactly as
described above for phenylmagnesium bromide and 2.15 g. or
a 31% yield of the dihydrate of tetraphenylphosphonium
bromide was obtained. A duplicate run gave & 30% yield of
the dihydrate of tetraphenylphosphonium dbromide,

With phenylsodium

The phenylsodium was prepared by pressing ¢ g. of sodium
wire into a 500 co. thrga»ﬁaak@é flask contailning 100 ge, of
dry benzene. %ﬁah&aiaéi stirring was provided and 10 g. of
diphenyluercury was added in small portions againat a
counter ocurrent of dry nitrogen. After etirring for three
hours, the suspension of phenylsodium was decanted under a
gtrong stream of nitrogen into & duplicate flask. The
amslgan was washed seversal times with dry benzene and the
waghings were added to the phenylscdium suspension. Four
gramg of triphenylphosphine wers added and the suspension
was gtirred for 30 minutes. Oxygen was passed into the
flask for 90 minutes. Since a color testl®® indicated the
presence of unreacted phenylsocdium, the oxXygen was pasgsed
into the flesk for an additional 4 1/2 hours before it was
treated wlth hydrobromic meid. ¥No tetraphenylphosphonium

bromide was obtaiped. This resction was not checked.
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Heo record was made of the guantity of triphenylphos-

phine recovered from these reactions.

Attenpted Reasction of Phenyllithium with
Triphenylphosphine Oxids

& gugpension of 5.56 g. (0.02 mole) of triphenylphog~
phine oxide was added to a solution of phenyllithium pre~
pared in the cusitomary way from 4.91 g. {0.03 mole) of
bromobenzene and 0.5 g, (0.06 g. atom) of lithium. After re-~
fluzxing for 4 hours a color test indiceted the prssence of
an organometallic compound. The mixture was hydrolyzed with
a hydrobromi¢ aecid solution having the same concentration
a8 that used in the preparation of tetraphenylphosphoniunm
bromide, No tetraphenylphosphonium bromide was obtained.

A 72% recovery of triphenylphosphine oxide, m.p. 152°, was

realized.

Attempted Resaction of Phenylmagnesium Bromide with
Triphenylphogphine Oxide

An ether solution of 5.56 g. (0.02 mole} of triphenyl-
phosphine oxide was added to 41 cc. of 0.487/H phenylmag~
nesium bromide. The solution was warmed for a few minutes
until & precipitate began to form. Stirring was continued
for two hours., The mixture was carbonated with sclid carbon

dloxide and was hydrolyzed with hydrobromic aeid. Xo
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Attempted Oxidation of Triphenylphosphine with
Oxygen Gas

Dry oxygen gas was pasgsed into a stirred ether solu-
tion of 4 g. of triphenylphosphine for 90 minutes. The
flask was cooled with an ice bath. The ether solution wes
washed with dilute hydrobromic acid and was dried over
anhyﬁraua caleciun chloride, The ether was removed and 4 g.
of a white orystelline residue, melting st 79°, was ob-
tained. BSince triphenylphosphine oxide does not depress the

melting point of triphenylphosphine, the residue was disge
| tilled., The compound came over st the boiling point of tri-
phenylphosphine, 170 - 175°/4 mm., leaving no liquid residue
in the flask. The temperature of the heating bath was kept
below the boiling point of triphenylphosphine oxide, which

was found to be above 225°/4 mm.

Oxidation of Triphenylphosphine with
Potassium Permanganate

Triphenylphosphine can be converted to triphenylphos-
phine oxide in nearly quantitative ylelds by several oxi-
dizing agantaﬁvfﬁgiﬁg’VQ; however, it was desirable to
determine the fate of triphenylphosphine when it was subjected
to the conditions used for the oxidation of a side chain,

FPor this purpose 1.5 g. of powdered potassium permangsnate
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was aéée& to & finely divided suspension of 2.22 g. {(0.01
mole) of triphenylphosphine in water. The suspension was
stirred for 8 hours and was filtered. The precipitate was
dried and extracted with ether. 'The ether was evaporated
and 2.73 g., 8 98.3% yield, of triphenylphosphine oxide
melting at 153 - 4° was obtained,

Reaction of Aniline with p~Butyllithium>>

The pn-butyllithium, prepared from 41.1 g. (0.3 mols) of
n-butyl bromide end 4.18 g. (0.6 g. atom) of lithium metal,
was strained through & glass wool plug into & nitrogen-
filled flask containing 4.6 g. (0.05 mole} of aniline
dissolved in ether., During the addition of the first one-
third of the pn~butyllithium solution, the reaction was quite
vigorous, The reaction mixture was refluxed for 50 hours.
During the course of the reaction a yellow precipitate
{oraed and the solution became purple in color. The nixture
was carbonated with erushed dry ice. Considerable effer-
vescence was observed when watelr wéa added to the carbonated
mixture. The insoluble carbonates were decomposed with
hydroocklorie seid and the solution was extracted with potase
sium hydroxide.

The ether soluticn was dried over anhydrous sodiunm
sulfate and was distilled to give 2.9 g., & 63% recovery, of
aniline and 4.5 g. of octans,



The alkaline extract was warmed to expsl the ether,
acidified with hydrochloric acid, made slightly basic with
ammonium hydroxide and acid agaln with acetic acid., When,
after standing over night, only & small black gusmmy pre-
cipitate formed, the filirate was extracted with ether. The
ether extract exhlbited & fluorescence that is charzcter-
istic bf ether solutions of anthranilie acid. The ether was
evaporated 'and the residual oil resisted early attempts to
cause it to crystallize., 4 small portion of the oll wasz
dissolved in hydrochloric acid, diaszotized, and added to an
alkaline solution of p-naphthol. The red c¢oupling product,
when crystallized once from methanol, melted at 270°, A
mixed melting point witﬁ p-naphtholazo-g~-benzoic acid, pre-
pared from anthranilic said, was not depressed. Later 0,3 g.,
4.2% of the theoretical yield, of anthranilie ascid was iso-
lated. The yield based on the unrecovered aniline was 7.1%

of the theoretlical amount.

Reaction of g-Bromoaniline with p~Butyllithium

The n-butyllithlium solution, prepared from 41.1 g.
(0.3 mole) of n-butyl bromide and 4.16 g, (0.6 g. atom) of
lithium, was added to an ether solution of 8.6 g. (0.05 mole)
of g~bromoaniline. Ether was added to mske the volume of
the solution up to 250 cec. The solution was refluxed for 40

minutes before it was ocarbonated with dryv ice. The reaction
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mixture was hydrolyzed with hydrochlorie acid and then made
alkaline with potassium hydroxide. Three grams, or 34.9%,
of the o-bromoaniline were recovered from the ether layer.
The slkaline extract was acldified with HCl, made
alkaline with ammonium hydroxide and acid once more with
acetic acld. The acid solution was extracted with ether and
the ether was distilled off to give 2.4 g., or a 35% yield,
of anthranilic aecid which melted at 142 - 3°, The yleld
bagsed on the unrecoversd o~bromoaniline was 54% of the

theoretical amouni.

Attempted Reaction of p-Bromoaniline with
p-Butyllithium

The same molar quantities of butyllithium and p-bromo-
aniline were used in this experiment as were used sbove in
the reaction with o-bromoaniline. The method of carrying
out the experiment and working up the product was also
identical to the above described procedure., The product was
an oil that resisted all efforts to change it to the
crystalline form. A recovery of 1.2 g., or 14%, of the

p~bromoaniline was obtained,

Reaction of Triphenylemine with p-Butyllithium®®

A reaction mixture comsisting of 12.25 g. {(0.05 mole)
of triphenylamina, 0.1 mole of n~butyllithium, and ether



was stirred and refluxed for forty-elght hours prior to
carbonation with corushed dry ice. The yield of acldic
material was 2.18 g. from which was isolated 1.00 g., or 7%
of the theoretical amount, of yellow erystals melting at
186°, ‘The compound was Tound to be identical {mixed melt-
ing peint) with the authentic sample of N,N-diphenyl-m-
aminobenzoic aeid prepared below, Another run, identiocal
with the one deseribed above with the exception that 0.5 g.
of copper bronze was added to the reaction mixture, gave
1.02 g. or approximately the same yield of pure acid,

Anal. Caled. for Glgﬂlﬁagﬁf N, 4.84. Found: N, 4,93
and 5.10.

Preparation of Hethyl X, ﬁ#ﬂ1phenylwgyamiﬁobanzoatazé

A mixture of 12 g. {0.05 mole)of methyl m-iodobenzoate,
9 g. (0,051 mole} of diphenylamine, B.5 &+ of powdered anhy-
drous potassium carbonate, 2 ¢c. of xylene, and 2 g. of
copper bronze powder wazs stirred and heated to 1830 - 200°
for eleven hours. The ¢old mixture was extracted with dry
ether and the ether was removed by distilletion. Since the
residue could pot be induced to crystallize it was distilled,
A yleld of 10.1 g., or 70.5% of the theoretieal gquantity of
the cster boiling at 205°/3 mm., was obtained. The ester is
a8 light yellow wviscous liquid.

Anel. OCalod. for C,fiy O.N: OCHz, 10.23. Found:
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ocH_, 10.08,

3§
Preparation of i,N-Diphenyl-m-aminocbenzoio &eiﬁas

A mixture of 2 g. of methyl N,N-diphenyl-m-amincbenzoate
and 20 o¢, of 10% potassium hydroxide solution was refluxed
vigorously for thirty minutes, Aclidification of the resulte
ing solution gave & quantitative yleld of acid material
which ,when crystallized once from acetioc acld, melted at
186° and proved to be ldentiflcal with the acid obtained by
metalatioﬁ of triphenylemine with p-butyllithiusm.

Decsrboxylation of K,NeDiphenyl-m-aminobenzoie acia®®

A mixture of 0.25 g. of H,Nediphenyl-pm-aminobenzole acid
and 2 g, of soda-lime was ground in a mortar and placed in a
small pyrex test tube. A bubble counter was attached to the
test tube, and the mixture was gently heated with a free
flame until gas was no 1ﬁng§r evolved. The soda-lime mixture
was extracted with ether which wes in turn extracted with
dilute potassium hydroxide. The ether was removed and the
residue was orystallized from alcohol to give 0.2 g. (94%
of theoretieal quantity) of triphenylamine, melting at 125°.
A mixed melting point determination with an authentic speci-

men showaed no depression.
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Attempted Preparation of N,N-Diphenyle-p-aminobenzois
Acid

A mixture of 4.96 g. (0.02 mole) of p-iodobenzoic aecid,
5.07 g. {0.0% mole} of diphenylemine, 4 g. of potassium
carbonate, 30 éc. of nitrobenzene ané/a gmall gquantity of
potassium lodide and copper bronze was heasted in a metal
bath at 205 -~ 215° for 22 hours. The nitrobenzane was Yre-
moved by steam distillation and dilute potassium hydroxide
was added to the residue. The cold solution was filtered and
the filtrate was treated with Forit. Upon acidification
0.075 g. of acid material was obtained. This was shown, by
& mixed melting point determinstion, to be p-iodobenzoic acid.

Preparation of Hethyl K;ﬁ»ﬁiyhenylfgyaminabanzeatsa6

The suspension resulting from the mixing of 13 g. (0.05
mole) of methyl p-iodobenzoate, 9 g. (0.051 mole) of 4i-
prhenylamineg, 8.5 g. of powdered anhydrous potassium carbone
ate, 2 cc. of xylene, and 2 g. of copper bronze was stirred
and heated at 200° for fifteen hours. The oil, obtained by
extraction of the reaction mass with ether and subsequent
removel of the ether, crystallized from cyclohexane to give
10 g., a 66.5% yield, of the ester melting at 89°.

éggé‘ Calecd. for Ggéﬁl?ﬂgﬂz N, 4.62. Found: N,
4.78.



Preparation of N,N-Diphenyl~p-sminobenzoic ﬁciﬁzs

A 3 g. sample of methyl N,N-diphenyl-p-aminobenzoate
was added to 30 cec. of a 104 potassium hydroxide solution
and the mixture was refluxed for 30 minutes. The solution
was poured into a hydrochloric acid-ice mixture to give &
quantitative yleld of acid which melted at 2028° after
eryastallization from acetic acid.

4nal. Caled, for 81§K1§32§: B, 4.84., Found: N, 4.85
and 4.82,

Preparation of Methyl ﬁhﬁhenylmgwaﬁinahanzaatagﬁ

Seventy~five grams (0.2 mole) of iodobenzene, 7.5 g.
(0.05 mole) of methyl p-aminobenzoate, 13.8 g. of anhydrous
potassium carbonate, one-half gram of potassium lodide, 1 g.
of copper bronge, and 40 co. of nitrobsnzene were mixed in
a round-bottomed flask, and the mixture was heated to 200°
for six hours. The excess lodobenzene and the nitrcbenzene
were removed by steam distillation. The oil obtained from
the ether extract of the residue was orystallized from
methanol to give 3 g., or a 27% yield, of the ester melting
at 115°, |

Apal. Caled. for Glﬁﬁisﬂgﬁz ¥, 6.17., Found: N, 6.20.



Preparation of N-Phenyl-p-aminobenzolc hoia?®

One gram of methyl ﬁ*?ﬁ@ﬁ?iﬁﬁ*ﬁﬁiﬁﬁhﬁﬂ%ﬂ&ﬁ& Was Te-
fluxed with 10 ee., of 10% potassium hydroxide solution until
2 homogeneous mixture was obtalned. The acidified solution
gave & qnﬁntit&tiv& vield of acid which, when orystallized
from acetic acid or alechol, melted at 156°.

Anal. Calecd. for Glgﬁllﬁéﬁ: ¥, 6.57. Pound: N, 06.64.

Preparation of Msthyl E,Hhﬁiphanylantnranilata

An ether solution of diazomethane was added to 0,15 g.
of N,N-diphenylanthranilic acid., The solution was flltered
onto a watoh glass. Pale yellow crystals formed as the sther
evaporated, These were crystallized once from methanol and
melted at 131 - 2°. The yield of the ester wasg 0.14 g. or
90% of the theoretieal quantity.

Preparation of 4~-Iododibenzofuran

4 p-butyllithium solution, prepared from 2.36 g.
{0.34 g. atom) of lithium metal and 23.3 g. (0.17 mole) of
p-butylbromide, was added to an ether solution of 16.8 g.
(0.1 mole) of dibenzofuran. This solution was refluxed in
a nitrogen atmosphere for four hours. It was transferred
under nitrogen to a large dropping funnel and was subsequently

added dropwise to a solution of 25 g. (0.2 mole} of iodine in



ether. The oil obtained by removal of the ether was
dissolved in hot methancl but separated as an oil upon
sooling of the solution. Crystale slowly formed upon the
surface of the oil. These were ¢ollected and recrystallized
from methanol to give 3.8 g. of 4~lododibenzofuran meliing
at 70 - 71, 8ince the unrsacted dibenzofuran could not be
removed in a satisfactory manner by srystallization methods,
the residues from several runs were combined and distilled
under reduced pressure. The 4~iododibsnzofuran distilled
smoothly at 180° and 3 mm., Mr. A, H. Heubein checked the
procedure as ocutlined above, distilling the reaction mixture
to obtain a 37.5% yleld of 4-iododibenzofuren.

The aecid obteined by carbonating the CGrignard reagent
prepared from this compound wag found to be ‘identical with

an authentic sample of 4-dibenzofurancarboxylic aei&gé.
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