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Summary
AN

A series of amides of the type RCONR'[CHZSi(Cﬁa)ZCI] were prepared by the
reaction of chloromethyldimethylchlorosilane with a series of N-alkyl, N-aryl,
and trimethylsilyl amides. The structure of the compound obtained from reac-—
tion with bis(trimethylsilyl)acetamide was previously determined by x-ray
analysis and is used to rationalize the NMR and IR spectra of its 14N and lJN
isotopomers. The spectroscopic features of the N—alkyl and N—aryl derivatives

are discussed; the derivatives with R=CH3 appear to have the oxygen strongly

coordinated to silicon within a 5-membered ring.

The structures and dynamics of trimethylsilyl amides have been extensively
investigated [1-6]. Recently, several series of amides with other substituents
at silicon have been reported. Kowalski and Lasocki have assigned the imidate
structure to a series of bis(trialkylsilyl)- and bis(aryldimethylsilyl)acet—
amides [7] and the amide structure to bis(halomethyldimethylsiiyl)acecamides [8].
The objective of the present work was to determine the structure of a series of
mono and bis derivatives formed by the reaction of amides with chloromethyldi-—

methylchlorosilane.



'drled:glassware and ury reagents. )

7Bls(chlorodimefhyls11ylmethy1)acetam1de(I) was prepared by the addl—

litlen of ? ml chloromethyld1methylchlorosilane to a mlxture of 1 ml- bls(trl— -
’methy1511y1)acetamide and 4 ml hexane.~ The mlxture was stlrred overnlght
rr.ia.nd ,..he wh:u:e prec:l.pltate was then flltered washed w:.th ether and drled
Todim vacuo, m. p. 113—115°C (th. [8] m.p- 128—131 C). (Found: C, 34.80; H,
77-Q3; C H OV312C12 ca;cd{:' C 35 28 H, 7 03. ) Tﬁe lsN isotopomer was

prepared inranalogdus fashion from }SN bls(trlmethylsilyl)acetamide [9}.

. Chlerodiﬁethylsiiylﬁechylecetenilide(II):wae‘prepared by reaction of
‘:;rimerhylsilylacet;ﬁiiide [3] with chloromethyldimethylchlorosilane in ﬁexane}
the white crystale that formed after refluxing overniéht were washed with

’Berane and dried in ggggg; o.p. 97—99°C. (Found: C, 54.68; H, 6.41.

’ 011515N05*°1 caled.: C, 54.63, H, 6.68.)

,Chlbrodimethylsilylmethyl—N—methylacetamide(III) was érepared by the
reaetion.of N-methyl—N—trimethylsiiylacetamide w;:h chloromethyldimethyl—
vchlorqsilene invhexene. The wﬁite—precipitate was purified by sublimation;
m.p. 64-66°C. (Found: C, 39.50; H, 7.92. C,H NOSiCl caled.: C, 40.09;

614
- H; 7.85.)

Chlorodimethylsilylmechyl—N—mechYlformamide(IV) was prepared by amination

of chlorome;hyldimethylchlorosilane in benzene with N-methylformamide in the
presence of triethylamine. The precipitated hydrochloride was removed by fil-
tratlon and solvent removed from the filtrate under vacuum. The white crystals
:that formed when the volume of filtrate had been reduced by two-thirds were

collected and washed with a small amount of hexane and then distilled at re-

~decedrpressure: m.p. 67-68°C:; b.p. 76-78°C/0.16 mm Hg. (Found: C, 36.98;

H, 7.68. C4H ,NOSICL caled.: C, 36.23; H, 7.31.)

The chlorodimethylsilylmethylformanilide derivatives were prepared by
amlnaclon of the approprlate formanlllde in benzene in the presence of tri-

eth]lamlne using a procedure 51m11ar to that employed for the N—methyl—
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'ifﬁrmamide derivative. Chlorodimethylsilylmethylformanilide(V) was obtained

1iByfdistiilatioﬁ of the solid remaining after removal of the solvent: b.p.
-110°C/0.05 mm Hg. (Found: C, 52.78; H, 6.49. CIOH14NOSiCI caled.: C,
1'52.72§ H, 6.21.) The 15N-isotopbmer was prepared by the same method from

15N—formanilide (obtained from 15N—aniline and formic acid). The p-CH3 and
B;OCH3 deriﬁativeé were obtained affer reduction of the filtrate to one~third
'Vvolume: BfCH3v(VI) washed with hexane, drfed in vacuo, m.p. 104-105°C.
(Found: C, 54.43; H. 6.81. CllHIZNOSiCI caled.: C, 54.63; H. 6.68.) EfOCH3
(VII) washed with benzene, dried in vacuo, m.pl 113-114°C. (Found: C, 51.22;

H, 6.27. CllﬁlzNOZSiCI caled.: C, 51.24, H, 6.27.)

Molecular weights were determined cryoscopically in benzene. Infrared
spectra were recorded on a Perkin-Elmer 621 spectrometer and NMR proton
spectra were obtained on a Varian A-60D spectrometer equipped with variable
temperature accessory V-4341/V-6057. Carbon-13 NMR spectra were obtained with

a JEOL FX-60 spectrometer.

Results
Bis{(chlorodimethylsilylmethyl)acetamide(I), chlorodimethylsilylmeghyl—
acetanilide(II), and —-N-methylacetamide(III1) were prepared by reaction of the
corresponding trimethylsilyl derivatives with chloromethyldimethylchlorosilane
in essentially quantitative yields. Trimethylchlorosilane is produced during

the reaction, which for the formation of III can be depicted as

(CH + Cl(CH3)2SiCH2C1'—§> [Cl(CH3)ZSiCH2]NCOCH3 + (CH3)35iCl

3) 3SiN (CH3)COCH3

Chlorodimethylsilylmethyl-N-methylformamide(IV) and a series of chlordimethyl-
silylmethyl-substituted formanilides--V p-H, VI 27CH3, Vil 270CH3—-were pre-
pared by reaction of the appropriate amide with chloromethyldimethylchlorosilane

in the presence of triethylamine. The yields of the amination reactions were

lower, generally 30-50%Z.

CH3N(H)CHO + C1l(CH SiCHZCI + (CH3CH2)3N - [Cl(CH3)ZSiCH2]N(CH3)CHO +

3)2
(CH3CH2)3NHC1



- Table T Chemical Shifts,:8.ppm>

ROONR' (GH,S101,),C1T

R URU L siCH ‘SicH _COCH, NCH, ' COH  Ar-X

. Robwiir 3. [SiCHy . COCHy NCHy
I j_cn .CH Sl(CH J,CL 0.08, 096 E '2.45,:721.71 151
II CHy c6a- IR vo .86 = _iq?' '1-5476‘_’
I 7.011.3"; c§3' o 0.76 '2.57 -_ - 1;5; ;Vzv.46 _
I,:V,'V B a, - 0.70 2.42 B 2.49
v om Gyl | vd.78ir~ 2.91 7.83
2 'c6H4CH3 o 0.1 ) 2.98 : ) 7.94  2.17
VII B CgH,OCH; o - 0.76  2.90 o . 7.75  3.47

ésg. 10% in ClC6H5, except for I (C ) N o

The spectrum of I in C6H6 contains two singlets for the Si(CH3)2 groups, a -
siﬁglefr(é-bs,pém).and_a barely resolved quartet (2.77 ppm, J ca. 0.8 Bz)
qur fhe'ﬁiCHz,groups, and a2 barely resolved triplet for the COCH3 group

(l,flrpém,-ﬁ.ng;Q:SVHz)- The spin-spin interaction of the one SiCH2 group
‘aﬁéh#hg.cogﬁ3 gﬁoep>was cgnfi;med by decoupliqg. The spectrum of the 1oy
.isotbpomer-ie identical to that of the 14N derivative except that the upfield

51C37 resonance appears as a doublet (J 1.9 Hz) and the COCH, resonance is

3
a2 broad multlplet- The spectra are temperature invariant from -60 to ca.
120°C. Above 120°C (1n mesitylene)'the Si(CH3)2 resonances broaden and by

140°C _have coalesced to a very broad peak.

"iThe:NMR;§pectra-of both II and III contain avsinglet for the Si(CHa)2
proiohe;:a barelyuresolved quartet (J ca. 0.8 Hz) for the SiCH protons, and
a barely resolved triplet (J ca- 0.8 Hz) for the COCH3 protons-’ Spin—Spln
interactlon between the 51CH2 and- COCH3 8roups was conflrmed by decoupllng
iln both cases. Tﬁe spectra ‘are unaffected by a decrease in temperature to,f‘

-60°C.
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-FKTﬁe,Spéc;:um of each of the compounds IV-VII: contains only.single peaks -
VESf tbé;Si(CH3)2 énd SiCH2 protons (che SiCH2 resonance in V. is . a barely
i rééoL?ed-doleet). -The spectrum of the 15N isotopomer of V contains’'a
~d§ub1ét J iZ Hz) for the formyl proton and a barely resolved triplet for
_the 51652 protons. The spectra of compounds IV-VII are unaffected by a
deérease in temperature to —-60°C. The 13C spectrum of the 15N—isotopomer
of V in CuCl,

3
doublet (J 7.8 Hz) for the SiCH2 carbon at 39.5 ppm, a doublet (J 1.6 Hz)

exhibits a singlet at 6.1 ppm for the Si(CH,)., carboans, a
372

for the carbonyl carbon at 162.8 ppm, and a doublet (J 14.7 Hz) at 139.8 ppm
for the lstC aromatic carbon.

The infrared spectrum of I in CCl4 contains an intense absorption at

1589 cm—l that shifts to 1580 cm-l in the lDN isotopomer. Four other, weaker

absorptions also differ by more tham 5 cm-I in the spectra of the isotopomers:

14 15N), cm—¥~—1514(1500)m, 1229(1219)m, 1168(1153)w, aﬁd 1050(1042)w. The

1

N(
spegtra of the mono derivatives contain peaks in the region from 1580 cm
to 1700 cmfl at: 1II (CC14), 1587s, 1606m; IIL (CC14), 1598s; IV (CHC13)
%6515; v (CHC13), 1636s, 1656sh; VI (CHC13), 1609sh, 1634s; VII (CHC13)’

1586w, 1644s. The spectrum of the 1JN—isol:c:;pon:lel: of V contained several

th lSN),

(

peaks that differed by more than 5 cm—l from their th counterparts:
cm-l: 1636(1628)s, 1349(1339)m. The ir spectra of IV-VII contain no absorp-
tions in the region 880-1010 cm-l; the spectrum of ITI contained several wonk
absorptions in the 980-1010 — region, while the spectrum of III contained

a weak absorption at 980 cm—l.

Molecular weights for compounds II-VII determined cryoscopically in
benzene corresponded to the monomer in solution with little variation with
concentration. For compound I, however, the experimental molecular weights

increased with concentration: caled. 272, found 0.01 m 233; at 0.1 m 369.

Discussion
i il

Both the conformational stability and the apparent coupling of'lsN

to
only one methylene gfoup in the NMR spectrum of I are inconsistent with the

N,N-bis(chloromethyldimethylsilyl)amide structure, CHyCON[S1(CH,) ,CH,C11,,



lower batrier for acetamldes.would,probably produce an.even lower rota:ional{v

;barrier for \ N-bls(chloromethyld1methyls11y1)acetamide ) Horeover, :he ab—f
sorpt10n—at-1>89-cm -1 in the infrared spectrum of I is very. low for a dlsilyl
anide and’ the spec:rum contains o - absorptlon in the 900-1000  cm —1 region

‘ (generally ass1gned to the Sl—N—Sl group) that is ‘sensitive to: substltutlon

onl?N. (For N,X—bls(trlmethylsilylsllyl)formamide the- carbonyl absorptlon

-1

appears at 1659 cm and an.absorptlon.at 983 cmrl shifts to 961 cm -1 in the

lsN isotopomer ). "The -recent x-ray structure determlnatiou [10] of I reveals
that' the compound has the N,f°bis(chlorod{methy1511y1methyl) structure w1th

the carbonyl coordinated to ‘one silicon in a planar 5-membered ring.

3./’ 2 2\\ /
. Cl Si S) CH3
/
. CH3 CH
- the C—d,énd-C—N bond lengths are indicative of T-character in both bonds as

indicated in the structural formula rather than the N=C-0 or N-C=0 extremes.

The high conformational stability of compound I is therefore a result
of ;he coo;dinetion to silicon; presumably at higher temperatures there is
sufficient energy to produce magnetically equivalent Si(CHa)ZCI groups
through rotatlonal ‘averaging about the C-N bond. Since lsN—lﬁ coupling con—

'stants are known to be quite stereospeclflc fi1, 12], the dlfference in the

‘ two aond coupllngs of lsN to the protoas of the two methylene groups can be
at least partlally attrlbuted to the rlgld orlengatlon of the ri ng CH2 pro-
_tons relat:ve to the exo CHZ protons. The upfield SlCH resonance, which is
‘a doublet in the spectrum of the SN isotopomer, can be attributed to the
:uncoordlnated SJ.CH2 group (v1de 1nfra). The two-bond'lsN—lH'coupling’is

simclar to other two—bond N—IH couplings through tetracoordlnate carbons

[11]; The 1ow fleld Sl(CH3) resonance can,be 3551gned'to the pentacoord;—i



375

ﬁa£g §i1icoﬁ'bécause'of,the similarity of its cheﬁical shift to those of the
Sikéﬁé?z:éroﬁ§5~qf'der1vatives IT and III which also have intramolecular
coéfdination:tbx§ilicon (vide infra). It should be noted that this assign-
ﬁent i5‘;6ﬁtrary to the generally observed upfield shift of nuclei in the
acceptor portion of Lewis complexes [13]. The SiCH2 protons of the ring and

the COCH3 protons undergo 5-bond coupling, possibly a result of their trans

orientation across the C-N bond.

The 1589 c:m-l absorption in the infrared spectrum of I can almost cer—
tainly be assigned to the CO group and the shift observed upon substitution
of 15N is indicative of coupling to the CN wibration. The low value of the

CO vibration is probably a result of coordination to silicon.

The infrared spectra of the formamide, IV, and formanilide derivatives,
V-VII, contain strong absorptions in the 1630-1660 cm_l region and no absorp-
tions in the 880-1010 cm—1 region. Since all of the N-trimethylsilyl amides
examined previously [9,2], as well as trimthylsilyl amide-imidate mixtures
[3], contain absorptions between 930 and 980 cm-l, derivatives IV-VII probably

15, 13

also contain the N—Cﬂzsi(CH3)201 group. This is supported by the c

coupling of 7.8 Hz in the lsN isotopomer of V which is typical of one bond

15N couplings to tetracoordinate carbons [11].

There are several possible explanations for the single set of resonances
in the NMR spectra of compounds IV-VII: a) rotation about the carbonyi-
nitrogen bond rapid even at -60°C, b) coincidentally equivalent resonances
for the two rotamers of each derivative, or c¢) a significantly greater (close
to 100%) population of one rotamer. The amide form of trimethylsilylformani-
lide has a coalescence temperature of 25°C and the most populated (81%) ro-
tamer has the trimethylsilyl group cis to the carbonyl [31; N-ethylformanilide
has a coalescence temperature of 64°C and the most populated rotamer k83Z) has
the same conformation [14]. It is unlikely that the CHZSi(CH3)2C1 group.would
lower the rotational barrier by more than several kilocalories and bence ex-
planation a) appears improbable. 1In fact, since the carbonyl absorptions

for compounds V-VII appear at lower frequencies than those of the trimethyl-



the sterlcally favorablyvs membered rlng p0551b1e in the Hz?--ﬂi? m“lety

20
C'/

and also becuase of the increased Lew1s ac1d1ty of the 5111con due to the "

presence of the chloro group. Therefore, the temperature 1nvariance of the

NHR spectra 1s a. result of the nearly 1002 populatlon of only one rotatlonal

'1somer.'

The NMR spectra.of the acetanilide(Ii) and N-methylacetamide(III) dériva-
 tives show thersame‘temperatqreAinvariance”apd these coﬁpdunds also-exist as

ehly pne_rqtatioeai isomeriv.ﬂowever, the CO'ﬁiBrarionai frequency for -these
,derivativesiis ;ow;:i606‘ch_l'end,159é cm_l respectively, and suggestive of
etreng;cborﬁination'tb“silicoﬁ of the typerpresent in I.  The NMR spectra of
rhese;detiyeeivesie}eo contain rhe SiCHz.criplet and COCHj quartet present in
- the Nﬂﬁ'ofri- VSince<rhew§i(CH )2 resonances for these derivatives appear at
ca. O 8 ppm, the low fleld Sl(CH3) resonance in I can be assigned to the

- 2
coorclneted 5111con, and the low field SiCH2 resonance (the quartet) in I is

therefore also attributable to the coordinated SiCH7 group.
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