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REACTION OF TRIETHYLGERMYLLITHIUM WITH CARBOXYLIC
ACID N,N-DIALKYLAMIDES

D. A. Bravo-Zhivotovskii, S. D. Pigarev, UDC 542.91:547.246:547.253.4:
0. A. Vyazankina, I. D. Kalikhman, 547.298.1
and N. 5. Vyazankin

It is known that organic Li compounds, when reacted with carboxylic acid N,N-dialkyl-
amides of the RCH,CONMe, series, attack the CO group to give ketones [l, 2] and (or) they
metalate the CHp and N—CH; groupings [3, 4]. 1In the case of the N,N-dialkylbenzamides the
regiospecific metalation of the ortho position of the benzene nucleus takes place [5, 6].

We found that the reaction of EtsGelLi(I) with N,N-diethylbenzamide in hexane at ~20°C is
regioselective at the C=0 group and, after hydrolysis, leads to Ets;GeCOPh in 88% yield. The
o-metalation reaction 1s not realized under these conditions. When N,N-diethyltrifluoro-
acetamide is reacted with (I) the umexpected product (cf. [7]) is the diethylamide of tri-
ethylgermylcarboxylic acid, the first member of the amides of the R;GeCONR, series.

When (I) is reacted with N,N~dimethylacetamide (II) in hexane the products isoclated
after hydrolysis were Et;GeAc (III) and the dimethylamide of 3-hydroxy-3-(triethylgermyl)-
butanoic acid (IV). Compound (III) is obtained either by the hydrolysis of the addition
product of Et;Geli to the C=0 group of amide (II) (cf. [1, 2]) or by the heterolysis of the
N—CO bond in (II) using (I), as also occurs when Buli is reacted with N-substituted lactams
with small rings [8, 9]. The formation of (IV) can be explained by a scheme that postulates
the intermediate formation of the Li derivative of dimethylacetamide (V). It was shown by

OLi OH
| H.0 |
Et;GeCOMe -+ LiCH,CONMe, —> Me,NCOCH,—C—Me —> Me,NCOCH,—C-—Me (1
| i
GeEts GeEtg
(111) (v) (1V)

special experiments that metalation of the acetyl fragment becomes the main process when

amide (II) 1s reacted with Ets;GeLi in THF or with EtsGeK in benzene. The subsequent addition
to the reaction mixtures of either Mel or MesSiCl leads respectively to the N,N-dimethyl-
amides of propionic and trimethylsilylacetic acid. Their yields are nearly quantitative.

It is also known that (V) easily adds to the carbonyl group of aldehydes and ketones [10].

The N,N-dimethylamide of trimethylacetic acid (VI), which, in contrast to amide (II), lacks
enolizable protons, reacts with (I) to give trimethylacetyl(triethyl)germane (VIT) and 1,1~
bis(triethylgermyl)-2,2-dimethyl-l-propanol (VIII). The latter is probably formed by reaction
(2).

0 OLi
I A ' H:0
Me;C—C—GeBt; + EtgGeLi —> Me;C—C—GeEty, —> Me;CG(OH)(GeEts), (2)
|
GeEty
(VI (VIII)
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EXPERIMENTAL

All of the reactions were run in evacuated sealed ampuls. The PMR spectra were recorded
on a Tesla BS-487C spectrometer (80 MHz), using TMS as the internal standard. The IR spec-
tra were taken on a UR-20 instrument, and the GLC analysis was run on a Chrom—4 instrument,
using a katharometer as the detector, helium as the carrier gas, and a 2 m x 1.5 mm metal
column packed with 157 PMS-100 deposited on Chromaton N-AW.

Reaction of Triethylgermyllithium (I) with Dimethylacetamide (II). A mixture of 3.3 g
of (I) and 1.7 g of (II) in 30 ml of hexane was stirred for 1.5 h at —20°, after which it
was heated to 20° and decomposed with water. The organic layer was extracted with ether,
and the extract was dried over MgSO, and then fractionally distilled to give 2.0 g (50%) of
(ITI), bp 65° (8 mm), np®® 1.4583. TFound: C 47.57; H 8.93; Ge 35.64%. CgH;gGeO. Calcu-
lated: C 47.50; H 8.97; Ge 35.887. Infrared spectrum (v, ecm *): 1657 (C0). PMR spectrum
(CCl,, 6, ppm): 0.86 m (CzHsGe), 2.07 s (CHs). We also isolated 1.0 g (18%) of (IV), bp
95° (8-107% mm), np?® 1.4872. TFound: C 49.66; H 9.25; Ge 25.21; N 4.57%. Ci.H,,GeNO.
Calculated: C 49.71; H 9.39; Ge 25.04; N 4.83%7. 1Infrared spectrum (v, cm™*): 1630 (C=0),
3400 (OH). PMR spectrum (CCl,, &, ppm): 0.85 m (CzHsGe), .12 s (CHs—C), 2.78 s (CHs—N),
2.85 s (CHs—N), 2.20 d (CHz, °J = 16 Hz), 2.32 d (CH.?, J = 16 Hz). ~

In a similar manner, from (I) and amide (II) in THF, followed by the addition of a
double excess of MeI, we obtained N,N-dimethylpropioamide and triethylgermane, which were
identified by GLC. The respective yields were 86 and 897%.

N,N-Dimethylamide of Trimethylsilylacetic Acid (IX). A mixture of 4.0 g of EtsGeK and
1.7 g of (IT) In 30 ml of benzene was stirred for 1.5 h at ~20°C. Then 4.3 g of Me,;SiCl was
added and the mixture was stirred for another hour. After filtration and fractional distil-
lation of the mixture we isolated 2.5 g (79%) of (IX), bp 55° (2 mm), np*° 1.4515 (ef. [11]).

Reaction of Triethylgermyllithium with N,N-Dimethylamide of Trimethylacetic Acid. A
mixture of 3.2 g of (I) and 1.9 g of amide (VI) in 30 ml of hexane was stirred for 4 h at
20°. After hydrolysis the organic layer was dried over MgSO,. Fractional distillation of
the mixture gave 1.1 g (30%) of ketone (VII), bp 49-51° (6-107% mm), np®°® 1.4581. Found: C
53.78; H 10.08; Ge 29.21%. C;:H24Ge0. Calculated: C 53.96; H 9.88; Ge 29.647. Infrared
spectrum (v, cm™*): 1640 (C=0). We also isolated 1.2 g (247%) of carbinol (VIII), bp 102-
103° (6-1072 mm), np?°® 1.5060. Found: C 50.09; H 9.49; Ge 39.327. Ci,H40Ge0. Calculated:
C 50.33; H 9.94; Ge 39.79%. Infrared spectrum (v, cm '): 1470 (OH).

Benzoyltriethylgermane. A mixture of 3.4 g of (I) and 2.7 g of N,N-diethylbenzamide in
30 ml of hexane was stirred for 4 h at ~20° and then hydrolyzed. After drying and fractional
distillation of the organic layer we isolated 3.5 g (88%) of benzoyltriethyogermane, bp 86-
87° (0.07 mm), np>° 1.5318. Infrared spectrum (v, cm *): 1630 (C=0) (cf. [12]).

N,N-Diethylamide of Triethylgermylcarboxylic Acid (IX). A mixture of 3.1 g of (I) and
2.7 g of N,N-diethyltrifluoroacetamide in 30 ml of hexane was stirred for 4 h at ~20° and
then hydrolyzed. The organic layer was worked up in the usual manner to give 2.4 g (58%) of
amide (IX), bp 68-70° (0.08 mm), np®°® 1.4776. TFound: C 51.07; H 9.63; Ge 28.04; N 5.167%.
C.1H,50eNO. Calculated: C 50.83; H 9.70; Ge 27.93; N 5.39%. Infrared spectrum (v, em™t):
1585 (C=0). PMR spectrum (CCl,, §, ppm): 0.70 m (C:HsGe), 2.40 m (CpHsN).

CONCLUSTIONS

The reaction of EtsGeli with the N,N-dialkylamides of the benzoic, acetic, and tri-
‘methylacetic acids leads to the corresponding acyltriethylgermanes, RCOGeEts;, and the pro-
ducts of their transformation by the Li derivatives that are present.
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REACTION OF DIPHENYLTHIOPHOSPHINOUS ESTERS
WITH DIPHENYLCHLOROPHOSPHINE

V. A. Al'fonsov, D. A. Pudovik, UDC 542.,91:547.1'118
£. S. Batyeva, and A. N. Pudovik

It is known [I, 2] that the esters of P(III) acids react with halophosphines by the
Arbuzov reaction to give compounds with a phosphorus—phosphorus bond. Aminophosphines are
also capable of adding to chlorophosphines, but in this case the reaction stops at the step
of forming quasiphosphonium compounds [3]. The reaction of the thioesters of P(III) acids
with halophosphines has not been studied. Only the reactions of the trithioesters with PCls
are known, which lead to an exchange of the substituents [4].

We studied the reaction of the ethyl ester of diphenylthiophosphinous acid (I) with di-
phenylchlorophosphine (II). The derivatives of the same acid were chosen so as to not com-
plicate the reaction due to the exchange processes of the thioalkyl group with the halide.

In contrast to the oxygen esters of P(III) acids, the reaction with thiophosphinite (I)
proceeds under drastic conditions (250°C, neat) and leads to the formation of a mixture of
tetraphenyldiphosphine (III) with 8®'P — 16 ppm, ethyldiphenylphosphine sulfide (IV) with
§°'P + 45 ppm, and diphenylchlorophosphine sulfide (V) with 8P + 79.5 ppm {5]. 1t should
be mentioned that (II) doesnot react completely. In addition, small amounts of S-ethyl di~

S S
I I
PhyPSEf -+ Ph,PCl — Ph,P—PPh, 4 Ph,PEt | Ph,PCl 4 EtCl

(0 (In) (111) (IV) (V)
phenyldithiophosphinate were detected by the *'P NMR and TLC methods.

In contrast to this, the phenyl ester of diphenylthiophosphinous acid (VI) does not
react with (II) even at 350°. Only the isomerization of (VI) to triphenylphosphine sulfide
(VIT) is observed under these conditions. The presence of (II) in the reaction mixture
apparently has no effect on the isomerization process, since the heating of thiophoshinite
(VI) to 350° in the absence of diphenylchlorophosphine also leads to the isomerization pro-
duct.

350° .
Ph,PSPh —— Ph,PS
(VD) (V1)

EXPERIMENTAL

The °'P NMR spectra were recorded on a nonserial KGU-4 NMR instrument at an operating
frequency of 10.2 MHz. The external standard was 857 HsPO,. The PMR spectra were taken on
a Varian T-60 spectrometer at an operating frequency of 60 MHz relative to TMS.

Reaction of Ethyl Diphenylthiophosphinite (I) with Diphenylchlorophosphine (I1). A mix-
ture of 7.5 g of (I) and 7.0 g of (II) was heated at 250° for 0.5 h, cooled, and 5 ml of ben-
zene was added. On standing at 20° a product deposited from the mixture, which was recrys-—
tallized from ether to give 3.5 g (31%) of (III) withmp 121° (cf. [6]). PMR spectrum (CCl,):
§ 7.23-8.33 ppm. (CeHs); the mixed melting point was 120°. Fractional distillation of the
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