Simplified Preparation of Some Trisubstituted Phosphine Oxides
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A variety of trisubstituted phosphine oxides were prepared in a two-step reaction,
without work-up between steps, by a technique previously reported by Richard

and Banks.

RICHARD and Banks (4) showed that methyldiphenyl-
and methyldihexylphosphine oxides could be produced con-
veniently in good vield by adding methyl bromide to the
complex formed when a dialkyl phosphonate is added to the
appropriate Grignard reagent. This success led to an investi-
gation of the general application of this simple technique
to the preparation of substituted phosphine oxides. Further
reason to expect that such a technique might be extended is

found in the work by Gawron and coworkers (I) in which
0]

I
addition reactions attributable to (RO-.P—MgX were
obtained. Also, Pudovik (3) obtained coupling reactions

0O
attributable to (RO—}g{l’—MgX and postulated the pres-

0O
ence of Rgﬁ’—MgX.
The comparative convenience of such an application is
illustrated by the complicated alternatives that are avail-

9]

able. For example, dialkylphosphine oxides (R&L—H) can
be made to undergo the Michaelis reaction with N,N-di-

0O
alkylcarbamy]l chlorides (R2N£Cl) and N,N-dialkyl «-halo-

0O

amides (RgN—£~CH(R)-X). However, it is first necessary
to prepare and isolate the dialkylphosphine oxide and then
to perform the Michaelis reaction. It is especially difficult
to handle the di-n-alkylphosphine oxides since they are
solids and because of their low solubility and the even lower
solubility of their sodium derivatives. An extension of this
technique might make possible the preparation of com-
pounds that are not easily accessible by other methods. For
example, a number of unsuccessful efforts have been made
in this laboratory to prepare tri-2-butyl-phosphine oxide by
adding POCIl; to the Grignard reagent of 2-butyl halide.

RESULTS AND DISCUSSION

A variety of trialkylphosphine oxides, (R):P=0 and
(R):(R")P=0; dialkylphosphonomethylenedialkylphos-
0O

0O 0 O
phine oxides, (R)gﬁL—CHgaﬁL(OR)g and (R)Q{L—CHg——{L-
(OR’).:  dialkyl-N N-diethylcarbamylphosphine oxides,

0O 0

i - -
(R).P—C—N(C.H:):; and miscellaneous triaryl-, alkyl-
diaryl-, and dialkylarylphosphine oxides were synthesized
by applying the technique of Richard and Banks (4).
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Yields were generally fair to good (Table I). For example,
tri-2-butyl-phosphine oxide was obtained in 70% yield. This
technique has very wide utility.

A typical preparative procedure is illustrated by the pre-
paration of n-butyl di-2-butylphosphine oxide. Diethyl
phosphonate (0.25 mole) was added, at a rate to give steady
reflux, to 1.0 mole (nominal) of 2-butyl-MgBr in about
250 ml. of ethyl ether. The resulting slurry was stirred
overnight at room temperature. The 0.3 mole of n-butyl
bromide was added. The mixture was refluxed overnight,
hydrolyzed by pouring over an ice-HC] mixture, and then
washed successively with water, 10% sodium carbonate
solution, and water. Ether was removed under vacuum, and
the product was distilled at about 0.3 mm. Forty grams of
material boiling in the range of 90° to 100° C. was obtained;
this material was redistilled at 0.3 mm. through a 1-foot
Vigreaux column to yield 29 grams of product (50% yield
calculated from diethyl phosphonate) boiling at about
100° C.

EXPERIMENTAL

Most of the reactants were obtained commercially and
used without further purification. The diethyl and dibutyl
phosphonates were distilled under vacuum before use, as
were the chloromethylphosphonic dichloride and dibutyl
chloromethylphosphonate. Dihexyl and di-2-amyl chloro-
methylphosphonate were prepared by conventional esterifi-
cation with the alcohol in the presence of pyridine, and they
were then purified by washing followed by vacuum dis-
tillation. Di-2-amyl-phosphine oxide was prepared by the
method that Kosolapoff (2) used as a route to phosphinic
acids, and was then distilled under vacuum.

Diethyl and dibutyl phosphonates were used interchange-
ably with no apparent effect on yields. Generally a larger
amount of product was obtained when only 0.25 mole of
phosphonate, rather than 0.33 mole was used per nominal
mole of Grignard reagent. There appears to be a definite
advantage in adding up to about 50% excess of the third
reactant. In some experiments, the mixture of phosphonate
and Grignard reagent was allowed to stand overnight before
the third reactant was added. There is probably no ad-
vantage in this delay, and immediate addition of a third
reactant may be preferable. It is often possible to avoid
slurries that are difficult to stir if the third reactant is added
immediately after the dialkyl phosphonate. It appears to
be generally unnecessary to stir after addition of the third
reactant is complete, and no difficulty results if a hard
mass forms. Addition of THF after adding the third re-
actant usually serves to lossen up such masses, but with
little or no effect on yield. Generally more stirrable mixtures
were obtained when the original Grignard reagent was a
bromide rather than a chloride.

Purity and identification of all preparations were checked
by infrared spectra, and preparations, of one or more of
each class were also examined by proton magnetic re-
sonance.

303



FEHROIN—O—d(MHEO) .::mmov,mL:o\ﬂ__Eommdv .
|
0 0 0
"UOTIB[[IISIP IB[NOS[OW AQ SEM UOIIB[OSI “"uIui , O] X T e ainssard uoym ,
d'ur 9)8I1N208 10}
01dooso13Aq 00 ‘PO ATYM  *** gET 06 Lg9 T 8el V6 969 e e £0°GT1 L aprxo aurydsoydyAzuaqiidord-g-1q

Zy1 "d'w ammeIa ‘p1 ‘d'w
‘au0390€ X7 PazI[[BIsAL)) pourtojrad sisA[eue oN cr s Pa(IUSIp 10N 0L apixo aurydsoyd|Adoad-g-[Ausydi(y

00g "d-u1 ‘auanjo) X]
‘[oueyro—suo0laoe X| ‘@u0)ade
Xg paz[[e1shd ‘pros aImm 901 LS €8L T 90T 8¢ 0'8L e o PR[IISIP 10N or aprxo surydsoydiAzusqAusydi(

UEBXaY WOIf
‘pazI[[BISAIO 30IM) 19J8

gIT dw ‘pos MYy ¢F 86 €01 099 ¢¥ 66 A AL T ... PAIIISIP 10N 08 aptxo surydsoyd
-[AureqIea[AyY1a1p- N N-[AX8Y0[2401(]

pInbi[ sS3[10[00 ‘SNOISTA  GF 66 €11 g9 ¥v 86 VIT  ¥9¥9 289F'1  686°0 €0 091 05 aprxo aurydsoqd
-[AureqedAYIRIP-N N IAXYI

pinby[ sso[10[00 ‘sn0dSIA 8% GOT ol L% 6% 601 86 Ze9  £309T 9901 €081 g aprxo sutydsoqd
-[AureqIes[Ay1e1p- N ‘N -[K1uadop Ao

pmbysseproed g%y 001 g1l €€9 8% L0T  TIL €79  ZSLVT  £96°0 €0°0ST-G¥1 GG aprxo autydsoyd
-[AureqIed[AYI91p- N N -[Aure-g-1(

pmbissapoe)y ¥y €01 LTI 0€9 8% L0l  TIT €39 G891 £96°0 €0°0S1-9vT 0O Apro
surydsoydjAureqieo[A1a1p- N N -[Awrel(]

pmby gstumorq Apysng 4! 601 g09 T 9¥T 601  ¥eS  86SKFT  0L60 0T X T°G6T-06T  OF aptxo surydsoyd
-[Aureipaua[AyrsutouoydsoydiAwe-Z-1(]

pmbr| ystusmolq Apyss - 0v1 011 668 T 9%L 601  ¥6S  LI9FT  0L60 » 0T XT*G6T-061 99 aprxo aurydsoyd
-[AxayipausjAyjemouoydsoydAInqI(y

pmby ssspojoy e LI LI 2€9 0 6%l €11 §T9  VSSYT 5960 0T XT‘013-961 T2 aptxo surydsoyd
-[AxaypausjAyjeuouoydsoydiAxay (]

pmbisseprojoy < 0°q1 801 08¢ T LST 90T 9.8 BESKT  £66°0 , OIXT08T-991  OF 2pIxo surydsoyd
-[Aurerpaus|AyowouoydsoydAngi(y
pmby ssopoey - 0v1 921 969 Tt YL @3l 099 86S¥1T 2360 €0 ‘0T1-901 oL aprxo surydsoyd[4Ing-g-1],
gg ‘d'ur ‘pyjos 01doosoIBAY ‘yM " gel g1l oo @Il SIT TOL ... e £'0'S¥1 as ap1xo suigdsoydiAxayopAorpiAIng-u
pwby ssepropey -t ggl 6°C1 L'89 Tt gTl L2l €89 TEOFT 6880 £'0 ‘g2l a9 apwxo autydsoydiAdo1d-g-p|£100-u
pinbr ssapojoy  c - 9Z1 L'e1 89 "7 gl LTL €89 0S9¥'T 20670 £°0 ‘601 gz opmxo suydsoydiAdoid-g-1plAXeYAYIH-5
~d-ur 9)eIndde I0J
o1dooso13£y 00y ‘pos YA, " g0l 0zl 61, " ¥O0L 81T ¥EL e e £0°0L1 09 aprxo aurydsoydi&iuedopAorp[A00-u
pmbyssspoey o gFL 9% ¥99 T gFT 7T 099 €99¥'T  €16°0 £'0 ‘001 08 aprxo surydsoyd[AIng-z-1plAIng-u
"0 - ‘(pajoaLI0dU()) N% d% H% 0% N% d% H% 0% 05 "0 93 LBH WA PRIA punoduwo)
d'NW ‘uonduoss(y ‘sajoN ssA[euy k1000, ‘xopuy  ‘Apsud(y 5 .w.—:mmm.—m Do 9,
AA)IRIJOY d°q 9reurxorddy

saysadold 419y pup spunodwon) Jo 57 °| 9|q0]

JOURNAL OF CHEMICAL AND ENGINEERING DATA

304



With tri-2-butylphosphine oxide no product was obtained
when the ether solution was refluxed overnight before
final work-up. However, when ether was displaced with
dioxane and the dioxane solution refluxed overnight, a 70%
yield of product was obtained.
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Some Substituted Thiophenes and 2,2’-Bithiophenes
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The properties of a number of substituted thiophenes and 2,2'-bithiophenes are re-
ported. Per cent yields and melting or boiling points are given for the reported com-
pounds, which were among those prepared in a study of the synthesis of carboxylic

acids.

PREVIOUS work (1) by the author on hydrocarbons has
now been successfully extended to the preparation of two
substituted thiophenes and four substituted 2,2’-bithio-
phenes. Data are given in Tables I and I1. The basic condi-
tions used for the necessary acylations and reductions (2)
were the same for both thiophene and bithiophene, affording
a basis for comparison of yields.

Boiling points were determined during vacuum distilla-

tion of the compounds using standard apparatus. Melting
points were determined using a Vanderkamp ‘‘Melt-
Pointer” (Scientific Glass Apparatus Co., Inc., Catalog No.
M-1945). Mixed melting points were determined using a
50 to 50 mixture of the synthetic and commercial products.
Neutralization equivalents were determined using standard
titration methods. Ultimate analyses for carbon, hydrogen,
and sulfur were in accord with theory.

Table I. Properties of Substituted Thiophenes and 2,2’-Bithiophenes

%C %H %S
Compound Yield B.P.,°C. M.P,°C. Found Caled. Found Calecd. Found Calcd.

Methyl-5-(2-n-butyl-

5-thenoyl)valerate 74.0 188-190 (1 mm.) 34-35 63.95 63.79 7.94 7.79 11.11 11.34
6-(2-n-Butyl-5-thienyl)-

hexanoic acid 85.5 171-174 (0.1 mm.) L. 66.35 66.09 9.09 8.72 12.68 12.60
5-n-Butyryl-2,2’-bithiophene 76.0 Ce 76-77 60.69 60.98 5.08 5.12 26.89 27.14
5-n-Butyl-2,2’-bithiophene 65.6 109-113 (1.5 mm.) . 64.76 64.79 6.42 6.34 28.63 28.84
Methyl 5-[5'-n-butyl-5-(2,2’-

bithenoyl) ]-valerate 48.1 68-69 62.57 62.61 6.74 6.64 17.82 17.59
6-[5’-n-Butyl-5-(2,2 bithienyl) ]-

hexanoic acid 76.6 60-61 64.22 64.25 7.06 7.19 18.88 19.06

Table II. Properties of Carboxylic Acids

Mixed

MP., MpPp, _Neut Equiv.

Acid Yield °C. °C. Found Calcd.
Tetradecanoic 85.2 54.0 54.0 228.0 228.4
Octadecanoic 76.5 69.5 69.5 284.4 284.4
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