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The study is concerned with the medicinal effect of u silicon atom snbstitnted into the skeleton of a known

drg molecule.

[t is of interest to note that silicon, in spite of it
abundance on earth as silicates, plays no discernible
role it mammalian  biochemistry.?  Although one
may speculate on the reasons for this evolutionary
discrimination,? the fact remains that organosilicon
compounds are organic rather than inorganic in their
properties.

The silicon-carbon bond is covalent, sp? it character,
about 2097 longer than the carbon—carbon bond, and
the silicon is electropositive. Consequently, it would
be expected that two organic compountds, which differ
only in the substitution of a silicon atom for a carbon
atom, would differ subtly itu stereochemistry and in
phystcal and chemical properties.  The literature and
our own preliminary work are suggestive that =ilicon
compounds can be used as hioisosteres of carbon cou-
pounds. In oider to obtain a larger group of comn-
pounds to evaluate such a use of silicon compounds, we
have prepared and studied, in a preliminary nranner,
12 pairs of compounds, each pair differtitg only by one
atom (silicon in place of carbon). The drug system
chosenn was the alkanediol dicarbamates and relatod
monocarbamates.  The most prominent of the series
s the muscle relaxant and mild tranquilizer, mepro-

bamate (5, Table I).

(1> (a) This researsh was supported by Pnblic Health Service Researc!:
Grant (3010122, fromn the National Institute of General Medical Sciences.
(b) Presented to the Division of Medicinal Chemistry of the Awmerican
Cheinical Society, Chicago, 111., Sept. 1964.

(2) Bilicon, however, is found as a trace eleinent inn nearly allliving matter.
For example, the silicon content of brain tissue has been the subject of a
number of investigations [A. O. Voinar and A. K. Rusanov, Biokhimiya, 14,
102 (1949): Chem. Abstr., 43, 6719 (1949); 8. I. Dorfinan and 3. A. Shipit-
syn, Bivkfiimiya, 20, 136 (1953); Chem. Absir., 49, 126351 (1953); M. Kbnit-
suki, Fukuoka Acta Med., 46, 998 (1933); Chem. Abstr., 50, 12252 (1956):
V. A. Del'va, Byul. Eksperim. Biol. 1\ Med., 2, 50 (1961): Chewm. Abstr., 56,
9257 (1962)].

(3) The incorporation nf the silicon is immportant in the plant kingdom,
For exaniple, see 8. Mitsui and H. Takato, Nippon Dojo-Hiryogaku Zasshi,
80, 535 (1960); Chem. Abstr., 66, 725 (1962). With the diato, silicon
assiinilation appears to be an enzymatic process [J. C. Lewin, J. Gen. Physiol.,
37, 08D (1054); Chem. Absir., 48, 8339 (1954)]. ilicate-consnming bacteria
have also been reportest [Z, P, Tesic and M. & Tolarovie, Zemljiste Biljka, T,
233 (1939); Chem. Ahstr., 54, 8980 (1960)].

(4) (a) ¥, I'regert and H. Rorsinan, Nature, 192, 989 (1963); R. Fessenden
and M. D). Coon, J. Med. Chem., T, 361 (1964). (b) The majority of the
biological evalnation of organoesilicon comnponnds has been for toxicity. I'or
example, the toxicology of the halosilanes has been studied by a number of
investigators [see V. K. Rowe, H. C. Spencer, anl & L. Bass, J. Ind. Hug.
Toxicol., 80, 332 (1948); Chem. Abstr., 43, 1866 (1949), J. Vrba, Pracovui
Lekar., 8, 210 (1676); Chem. Aostr., 50, 15861 (1956); 3. I'. Belova and E.
A. Rorlyakova, Gigiena i Sanit., 28, 72 (1958); Chem. Abstr., 58, 10560
(1959); N. K. Kulagina and 1. A. Kochetkova, T'okstkol. Novykh Prom. Khim.
Veshehesty, B, 149, 167, 182 (1963); Chem. Abstr., 61, 6251 (1964)]. (¢) Bio-
logically active organosilicon eompounds are not unknown [P. L. Delene-
ville and M. J. Hurwitz, U, 8. Patent, 2,876,209 (1059); Chem. Absir., 53,
12321 (1959); Dow Corning Corp., British Patent 630,932 (1949); Chem.
Ahstr., 44, 4491 (1950); M. Ya. Marova, M. C. Voronkov,and 3. N. Dol
Zk. Prikl. Khim., 80, 650 (1957); Chem. Absir., 81, 13302 (1957); Midland
Silicones, Ltd., British Patent 778,272 (1957); Chem. Absir., 82, 129 (1958}
T. M. Vorankina, 1. T\ Strukov, and M. F. Shostakovskii, Zi. Obsheh. Rhiae
84, 146 (1061 Chew. Ahsir., 81, HER3 (1064) ],

Twelve pairs of carbamates, ench pair ditfering by only one atom (a silicon in place of a earbon),
have been prepared and assayed Tor comparative biologieal aciivity,
pound enn be used as a bioigostere of o carbon drmgsyatem.

The stidy indientes that a silicon com-
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Chemistry.-—The yields and the physical constants
of the carbamates prepared in the study are listed in
Table I. These compounds were prepared by the re-
action of the appropriate purified aleohol with phenyl
chloroformate in the presence of pyridine, followed by
cleavage of the phenoxy group from the carbonate in
liquid ammonia.*

NH
ROH + CH:0COCI 4+ C;H;N — ROCO.CeH; ——;
ROCONH, + CyH:OH

The carbon aleohols required for the preparation of
the carbamates either were available commercially or
were prepared using known methods (see Experi-
mental).  The chemistry used for the preparation of
the organosilicon alcohols is outlined in Charts T and
II. In general, the synthesis of these alcohols was
carried out using known methods and does not require
discussion.

Pharmacology.-——The carbamates were tested using
miee for acute toxicity, and for sublethal activity the
rotatinng rod test and the extension of hexobarbital
sleepiug time were used.  The intent of this biological
work was to provide comparative data using “equiv-
alent”” conditions.  The data obtained are summarized
it Table I1.

Each pair of compounds tested, with the exception
of 19 and 20, were essentially equivalent in their acute
toxicities and exhibited muscle relaxant activity. The
cotmpoutitds that showed activity in the rotating rod
test were all slort acting with the exception of niepro-
bhanate.

It the dicarbainate geries, the first pair of compounds,
dimethyl dicarbamates 1 and 2, showed no sublethal
activity in either test. The secoud pair 3 and 4, in
whieh the side chains were increased from methyl to
ethyl, exhibited a significant difference in sublethal
activity; the earbon compound 8 showed no activity
in the rotating rod test, while the silicon compound 4
exhibited @ measurable activity. A further increase in
the size of the alkyl group resulted in meprobamate 5

o WL AleLaneae. S0V, Ian, amd AL Bavley, J. Org. Chem., 20, 1370
UL
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TasLe 1

PuysicaL CoNsTANTS OF SOME DICARBAMATES AND CARBAMATES AND THEIR CORRESPONDING SILICON ANALOGS

Strueture

(CH;).C(CH,OCONH,).
(CH;)Si(CH,OCONH,),

C,Hy( CH;)C(CH,OCON ),
C,H;(CH,)Si(CH,OCONH. ),

C;H7(CH;)C(CH,OCON H, ).
C;H7(CH;)Si(CH,OCONH,),

CyHo(CH;)C(CH,O0CONH,),

C;H(CH;)S1(CH,OCONHS,),
NH.COOCHC(CH,):.CHCH,CH.OCONH,

;)

NH,COOCH.Si(CH;),CH,CH,CH.OCONH,

(CH;);CCH.OCONH,
(CHj3)sSiCH.OCONH,

C,H;(CH;),CCH,OCONH.
CoHy(CH;):81CH,OCONH.

CHi(CH,):CCH,OCONH,
C;Hx(CHy),8iCH.OCONTL

CsHo(CH;),CCH.OCONH:

CyHo(CH;),S51CH.OCONH,

(CH;);CCH,.CH,OCONH.
(CH;),SiCH,CH,OCONH,
(CH;);C(CH.);OCONH,
(CH;);81(CH,);OCON .

(CHy);C(CH:){OCONH,
(CH;)381(CH2),OCONH,

4 n2p 1.4505. ¢ n¥»p 1.4519.

Proce-

dure

e Ee e

b

TR ww w =

= W

TE IR I ®

Mole

SO oo oo

run

11
12

12
.09

12
15

.21

0.09

.15

0.10
0.12

.23

.08
.08

.22

0.23

<

o0 oo oo 2

.07

18
29
05
.09
14

.06
.09

%
yield

79
51

58
48

60
38

74

64

58

36
60

58

40
41

53

68
64

75
67
52
49
70
51

78

M.p. or b.p.
(mum.), °C.

149--150
104.5-106

134-136
57.5-58

102-102.5
70.5-71

110.5-111

75.5-76.5

150-152

76-77

82-82.5
66.5-67

71-71.8
49-51,
119 (11)

69.5-70
974 (2.0)

43-44.5,
113 (3.0)
114¢ (3.2)

58.5-59
51-52

91.5-92
53.3-54
70-77.5

31-32,
112 (2.5)

Crystn.
solvent

Water
Water

Water
Water
Water
Butanol-
ethanol
Water—
acetone
Acetone

Water-
acetone
Acetone

Lither
Etlier

Acetone
Acetone

Acetlone

Acetone
Acetone

Acetone
Acetone

Acetone
Acetone

Formula

CGH 14N204Si
C7H,6N-0,5i

CsH sN05S1

CoHyeN 0,51

CgIl lgNzo‘lsi

CsHisNO:
CsH;3NO»Si

CH;zNO,
C¢H:NO.S1

CsHiNO,
GHNO.S1

CoHisNO,

CsH, N O.SI
CHi:NO;
CoH;;NO.S1
CsHiiNO;
C;H71NO.Si
CoH1sNO;
CsH:sNO,Si

Carbon, %,
Caled.

34.

93

38.17

43.

54.
40.

.89
44

57

60.
47.

62.

50.

57.
44 .

60.
47.

62.
50.

51

92
79

67

33
94

38

74

89
67

33
94

a2
file

74

® British Patent 802,978 (1958); Chem. Abstr., 53, 9145¢ (1958).

Found

35.

38.

60.
48.
62.

50.

57
44

48

62.
50.

° H. Wiley and H. Kraus, J. Org. Chem., 22, 994 (1957).

21

25

.04
.86

.67

.54

04
25
47

69

.80
.42

60.

38
13

19
89

ydrogen, %
Found

Caled.
6.85

7.3%

10.01
8.91

10.43
9.39

10.78
9.79

11.07

10.13

10.43
9.39

10.78
9.79

11.07
10.13

6.

7

0.
77
10.

9.

10.
9.

10.

9.

10

9.

10.
9.

10.
9.

89

.44

.01

72

25
51

38
53

94

36

21
24
66

65

89
93

Nitrogen, %

Caled.

13.58

11.96

11.28

8.80

8.08

9.65
8.69

8.80

8.08

Found

13.91

11.90

11.41

10.44
9.39

0.48
8.66

8.19

9.47
8.41

9.02

8.55

Silieon, %

Caled.
13.59
12.72
11.99
11.31

11.99

19.04

16.02

14.85

16.02

14.83

Found
13.59
12.62

12.21

11.52

16.15

14.79

cOfT Toquajdeg

ILVIVAOUIATY OL GALVIAY SHLVIRVATVIVIIG
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Cnanr 1
(CH;)s81C1

Cle nlirayioles

C'H,
(CHgpesiC1HCHOH CICHaSICHLCE
I (lfl I
il{‘\lux il(_\lu_\

CHy CH;

R—8i—CH.Cl CICH,SiCH.CI
|

CH; I
111 IV
imx\.; inﬂ\«
KOAc KOAR
CH; ClL
|

\ ‘
L-—Si—CH.OAc AcOCHSICHOAC

CHq it
v VI
iI/iA\Ilh iLi.\llll
CH; CHy
\ \
Re—Si—CH.OH HOCH.SiCH.OH
‘ ;
CH, It
VI VIII

' '

silucarbanates
2,4,6,and 8

silacarbamates
12, 14, 16, and 18

Cnarr I

CH, CHy
‘ OAC ! LiAIM,
CLOHLSHCTL O ——  ACOCHSI(CHaj0 A ———>
i KO Ae ]
CHy CH,
BN X
CH,
HOCHSH{CHOOH —>  silacarbamate
10
('H:\
N

My
(CHyjS8CHCL ——— (CHauSI(CH b OH —— silncarbamate
111, R = CHy HCOH XII 20

1. malonic ester o LiAllLy
(CH,)S1CHCL — ((.Hﬁ;b‘l\({%%ﬁg(f()()l{ R —t

— ('H. 2. NaOH
III! R = CHs 3. H%‘,I, heat

(CH3),SiCH.CHLHWOH —— silacarbamate
X1V 22

Li
(CHOR0(CHO)C —— (CHy)s31(CHL ) OH — silacarbamate
AY XVI 24

and silameprobaniate 6. This pah had equivalent ef-
fective doses in both sublethal tests. The di-n-butyl
dicarbamates 7 and 8 were also equivalent in their
sublethal activities in the tests that were performed.

The abrupt appearance of activity with 4 in this
sertes of dicarbammates, followed by the cquivaleut
activities of 5 and 6, and 7 and 8, is suggestive of
minimal but nonspecific steric requirement it this drug
series.

Vol. 8

TasLe 11
PHARMACOLOGICAL IOVALUATION OF TiE CaRBAMATES PREIARLD
IN THIS STLLy?

Dora- Ioxtien-
1D rotaving” tion of  sion of
LIxe.” vod (059 confil, activ.,?  slerp, I'rede-
Compel. gk levels). mg, 7k, i, 11in.* alility
1 > 1000 =500 . 25 1.9
2 =100 >500 27
U >1000 ~H00 - S 1) i
4 >1000 33 (B00-383) 17 x4
5 TOu 176 (156-199) 56 SH 0.4
B > 1000 158 (148-169) 3 [iIH
7 > 1000 21510 187247 37 147 0.2
N 900 205 (182-227) 10 101
1 >1000 >50 . 21 .01
10 >1000 298 (214-264) 17 128
11 SO0 92 (SO-107) 11 26 0.1
12 400 92 (S0=107) 15 S0
1.3 530 N (68499 i 2 0.1
11 [ T AN-T) B 91
15 SN0 SL{T1-01) T b 01
16 400 TUA{64-TH) 7 27
17 630 155 (113-161) s S0 0.~
18 SO0 110 (105-118) 10 E!
19 52 g g g
21 450 60 (61--77) 10 44
21 670 120 (107-134) 20 39 0.8
29 470 Ol (H4-67) 12 )
2 6OL 159 (134-189) 15 38 0.1
24 420 118 (92-149) 15 86

AN componuds were Introduced iutraperitoneally as suspen-
sions Ina 2,50 tragacanth gel.  Female, Swiss Webster white
mice, 13-20 g., were nsed in all tests.  The values reported were
calenlated nusing the method of J. T. Litchfield and F. Wilcoxon, J.
Pharmacol. Expil. Therap., 96, 99 (1949). * The LD, was caleu-
luted after 48 hr. < A rotating rod apparatus was ased [N. W.
Dunham and 1. 8. Miya, J. cto, Pharn. dssoc., 46, 208 (1957)]
aud 24 to 36 animals were ased per componund. ¢ The duration of
activity is defined ag the niean time (from time of injection to the
final pass in the rotating rod test) tor the animals receiving a dosc
between the EDy and LDy * The extension of the hexobar-
bitul sleeping time was measnred by injection of the compound
I2Dg, of the rotating rod vahe, followed within 30 sec. by 100 mg./
kg. of hexobarbital (iutraperitoneally). Twenty mice (10 test
and 10 controls) were nsed per eonponnd and both controls and
rompounds were run conarrently.,  The criterion for steep was
the righting reflex.  The controls regained their righting refiex i
10 to 20 min. from the time of injection. The values reporied
arve the mean time for the test gronp corvected for the mean time
nf the control group. 7 'The probability that the pair do not
differ significantly in the hexobarbital sleep test was evalnated
using the Stndent's ¢ method.  # No arctivity was noted at sub-
lethal levels.

The monocarbamates 11-18, i gencral, showed
greater activity, but were also short acting. The
pairs did not exhibit significantly different activities.

An inerease i1 the distance between the carbamate
function and the alkyl branching (19-24) yielded pairs
of compounds whicl, in general, were significantly
different from cach other. The most notable cxample
it this group i~ the pair 19 and 20. These compounds
differed by a factor of 10 in toxicity. Also, approxi-
mately 45 min. after dosing with 19, the animals be-
came convulsive, while animals dosed witlt 20 showed
ouly ataxia lasting for approximately 10 min. This

(" Hy ,v;,&'(,'H:('?HA,)(,'( IN H. (CHy)CCHCHOCONH.
25 19
¢CHy p8iCH.CHOCONH,
20
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pair is of further interest because of the structural re-
lationship to carbachol (25).

It should be emphasized that the data reported in
Table II were obtained using intraperitoneal dosing.
With this route of administration, meprobamate and
stlameprobamate do not differ in their effective doses,
although they do differ in duration of activity, me-
probamate acting approximately four times longer than
silameprobamate. These two compounds also differ
when administered orally, silameprobamate showing
no appreciable activity (EDj; 470 mg./kg., rotating
rod).

The data obtained in this study indicate that a
silicon atom can be used as a nonionie, tetravalent bio-
isostere of a carbon atom in a drug system. These ob-
servations are suggestive that studies which are de-
signed to correlate the chemical and physical properties
of pairs of compounds (such as those used in this study)
with pharmacological and biochemical differences
could provide a useful tool for the elucidation of the
properties of a drug system.’

Experimental®

Synthesis of the Carbamates (Table 1).—To 0.10 mole of the
aleohol dissolved in 40 ml. of dry pyridine was added, over a
period of 10-20 min., 15.7 g. (0.10 mole) (or 31.4 g., if a diol were
used) of phenyl chloroformate. The mixture was stirred at room
temperature for 2 hr., then decomposed by the addition of 100
ml. of water. The organic material was extracted with three
100-ml. portions of ether. The ether extracts were washed with
two 100-ml. portions of 6 N HCI, 100 ml. of saturated NaHCO,
solution, and finally with 100 ml. of saturated NaCl solution.
After the solution was dried (MgS0,), the ether was removed
by distillation, and the residue was further concentrated under
vacuum. The residue was then added to ca. 250 ml. of liquid
ammonia, and the mixture was stirred at room temperature untit
the excess ammonia had evaporated. The remainder of the
procedure (A or B) for each particular carbamate is noted in
Table 1.

Procedure A.—The residue from the amnionia reaction was
cooled in an ice bath, and 200 ml. of 109, NaOH was added.
The resulting solid was filtered, washed with cold water, and re-
crystallized, using the solvent noted in Table 1.

Procedure B.—To the residue from the ammonia reaction was
added 100 ml. of ether. The ethereal mixture was filtered to
remove any solid material, then the solution was washed with
two 100-ml. portions of 109, NaOH solution. The solution
was dried (MgSO,), and the ether was removed under reduced
pressure. If the carbamate solidified at this stage, it was re-
crystallized from the solvent indicated in Table I. If solidifi-
cation did not occur, the product was distilled under vacuum.

Synthesis of Alcohols. A. Carbon Alcohols.—The alcohols
not mentioned below were purchased. The yields and physical
properties of the alcohols prepared in this portion of the study
are summarized in Table III.

1. 2-Butyl-2-methyl-1,3-propanediol, 2,2-dimethyl-1,5-pen-
tanediol, and 5,5-dimethyl-1-hexanol were obtained by the LiAlH,
reduction of diethyl butylmethylmalonate, dimethyl 2,2-di-
methylglutarate, and 5,5-dimethylhexanoic acid, respectively.

2, 2,2-Dimethyi-1-butanol, 3,3-Dimethyl-1-butanol, and 4,4-
Dimethyl-1-pentanol.—To a Grignard reagent prepared from
the appropriate alkyl chloride (1.0 mole) was added 30.0 g. of
solid paraformaldehyde, and the mixture was heated at reflux for
24 hr. The mixture was then decomposed with a saturated
solution of NH,Cl. The organic layer was extracted with two

(6) After oral dosing rats with silameprobamate, 809 of thie silicon can be
accounted for in the urine within 48 hr. The identification of the detoxica-
tion products of silameprobamate will be the subject of another report.

(V) M. Gilman and G. E. Dunn, Chem. Rew., B2, 77 (1953).

(8) All melting points are corrected. The carbon, iydrogen, and nitrogen
analyses were performed by the Berkeley Microanalytical Laboratory.
Silicon analyses were performed in this laboratory by the wet ash method.
Gas phase chromatography was carried out using a Wilkens Aerograph instru-
ment,
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100-ml. portions of ether and dried (Mg=0,), and the alcohol was
isolated by fractional distillation. In the case of 2,2-dimethyl-1-
butanol, gas chromatographic analysis of the distillation fractions
indicated that the alcohol was only 959, pure. The sample
used for the preparation of carbamates (n?p 1.4201) was obtained
using a preparative gas chromatography column.

B. Organosilicon Alcohols. 1. (Chioromethy!)chlorosilanes.®
—In a 1-1 round-bottomed flask, fitted with a Dry Ice-acetone
condenser, mechanical stirrer, and gas inlet tube (0.d. 8 mm.,
without a fritted glass tip) reaching to the bottom of the flask,
was placed 300 g. of trimethylchlorosilane. A gas exit tube was
attached to the top of the condenser leading through back-up
traps to a beaker containing a known weight of water. The
chlorosilane was saturated with Cls. The gas flow was stopped,
and reaction was initiated using ultraviolet light. After the
initial gas evolution had subsided, Cl. was introduced into the
reaction flask at a moderate rate (caution). The extent of the
reaction was monitored by the weight of the HC! that dissolved
in the water. The chlorination was carried to a 1:1 M reaction.

Fractional distillation of the liquid yielded 134 g. of the
starting chlorosilane, b.p. 40-102°, 172 g. of (chloromethyl)-
dimethylchlorosilane, b.p. 112-115°, 84 g. of (dichloromethyl)-
dimethylchlorosilane, b.p. 144-147°, and 39 g. of bis(chloro-
methyl)methylchlorosilane, b.p. 160--167°. Redistillation of the
desired chlorosilanes was required. Higher conversion to the
(chloromethyl)dimethylchlorosilane was obtained when the
chlorination was carried to only 209, completion and the un-
reacted trimethylchlorosilane was recycled.

2. Alkyl(chloromethy!)silanes.—To 0.65 mole of the appro-
priate Grignard reagent was added 115 g. (0.65 mole) of bis-
(chloromethyl)methylchlorosilane or 93 g. (0.65 mole) of (chloro-
methyl)dimethylchlorosilane, and the mixture was heated at reflux
for 12 hr. Work-up was accomplished by decomposition of the
salt complex with 2 N HCI, extraction with ether, and drying
(Mg80y). The final product was isolated by fractional distilla-
tion. The yields and physical properties are summarized in
Table IV,

3. Acetoxyalkylsilanes.—A mixture of 0.2 mole of the chloro-
methylsilane, 1.0 mole of potassium acetate, and 160 ml. of acetic
acid was heated at reflux for 16 hr. The reaction mixture was
diluted with 400 ml. of water, and the organic material was
extracted with two 100-ml. portions of ether. The ethereal
solution was washed with two 100-ml. portions of water and 100
ml. of 109 NaOH solution, dried, and distilled. The yields and
physical properties are summarized in Table V.

The available 3-hydroxypropyl(chloromethyl)dimethylsilane
(IX) was also converted to the diacetate X using this procedure.
Its yield and physical properties are also summarized in Table V.

4, Hydroxyalkylsilanes.—The acetoxyalkylsilane (0.20 mole)
was added dropwise, with cooling, to 0.43 mole of LiAlH, (0.21
mole of LiAlH, for the monoacetoxyalkylsilanes) using 500 ml
of ether as solvent. After the addition was complete, the
mixture was stirred at room temperature for 0.5 hr., then de-
composed by the addition of water. The aqueous mixture was
then acidified; the bis(thydroxymethyl)silanes were not obtained
unless this acidification was carried out. The organic material
was extracted with three 100-ml. portions of ether, then dried
(MgS0,). The water-soluble bis(hydroxyniethyl)silanes were
obtained by a 24-hr. continuous extraction of the aqueous layer

with ether. The product, in either case, wasisolated by fractional
distillation. The yields and physical properties are summarized
in Table VI.

5.—The following three organosilicon alcohols were prepared
by individual procedures. Their yields and physical properties
are also summarized in Table VI.

B-(Trimethylsilyl)ethanol.—To a Grignard reagent prepared
from 122.7 g. (1.0 mole) of (chloromethyl)trimethylsilane (III,
R = CH;) was added 30.0 g. of solid paraformaldehyde and the
mixture was heated at reflux for 24 hr. The mixture was de-
composed by the addition of saturated NH,Cl solution, and the
organic material was extracted with ether. The product was
isolated by distillation.

v-(Trimethylsilyl)propanol.—To a cooled solution of 12.2 g.
(0.31 mole) of LiAlH, was added, over a period of 35 min., 35.0 g.
(024 mole) of ~-(trimethyisilyl)propanoic acid.l'  After the

(9) R. H. Krieble and J. R. Elliott, J. Am. Chem. Soc., 67, 1810 (1945).
(10) R. Fessenden and M. D). Coon, J. Org. Chem., 29, 1607 (1964).
(11) L. H. Somnier and N. 8. Marans, J. Am. Chem. Soc., 72, 1935 (1950).
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TasLe 11
"ysicAl PROPERTIES AND YIELDS oF CArRBON ALconors Usep IN T1x Stipy

Comyel, Coovield
CH(CH)C(CHOH ), Sl
HOCH,C(CHj3),(CH.),OH" 64
CoH;C(CH;3).CH,OH¢ (65)
(CH;3),CCH,CH,OH“ 3%}
(CH;)CCH,CH.CH,OH" 60
(CH:})xCCH)CHECHgCH;OH' T

“ H. Yale, L. J. Pribyl, W, Braker, ¥. H. Bergeim, and W. A. Lott, J.

Schmidt, J. Org. Chem., 27, 1288 (1962). < F. K. Beilstein,

“Beilstein’s Handbuch der Orgams(hen Chemie,"”
4M. 8. Malinovskii, E. E. Volkova, and N. M. Morozova, Zh. Obshch. Khim.,

Bop, "Coinmg.g o 00
Iol-1531(7) 14550 (26)
122125 14 1.4580 (24)
T1-T2 (100 14201 (..>)
140142 (ot l 4120 (927
158162 (atn.) Hl 5 ( T)
179-181 (atm. $(25)

F. Brown and (. 1.
Vol. 1, 1918 p. 412,

{
2

Ane Chemn. Soc., 72, 3710 (10503, "R

compound has 1ot been reported previously in the literature and was not completely charucterized in this study.

Tasre IV
Puysican PROFERTIES AND YIELDS OF SOME CHLOROALKY LSILANES
e
Compil. R yiell B.p., °C. (inm.) op (2C)

T11 (};Hs” DT
111 CsH» N2

125 (atm.)
149 (atm.)

(4283 (26)
L4327 (25)

1

1
111 CiHyge 85 H2(1.2) 1.4355 (28)
Iv CH,* 9 155--157 1.4480 (23)
Iv C,H;e 56 185 (atm.) 1.4639 (24)
Iv CiH,/ 38 50-60 (4.0)  1.4647 (25)
IV CyHy" 56 06-108 (13)  1.4620 (28)

“A. D. Petrov, V. F. Mironov, and N. A. Pogoukina, Dok,
Akad. Naak SSSE, 100, 81 (1955); Chem. Abstr.,, 50, 1573y
(1956). “ V. F, Mirouov and N. A. Pogonkina, Izu. Akad. Nauk
SSSR, Otd. Khim. Nauk, 161 (1955); Chem. Abstr., 50, 1574
(1965). © 8. Nozakura, Nippon Kagaku Zasshi, 75, 958 (1954 );
Chem. Abstr., 51, 1453f (1957). ¢ H. Freiser, M. V., Eagle, and
J. L. Speier, J. Am. Chem. Sor., 75, 2821 (1953). ° Purified,
but not completely characterized. * .tnel. Caled. for CeH,e-
CLSi: €, 3801 H, 7.63; Cl, 38.29, TFound: C, 38.94; H, 7.71:
Cl, 58.06.

TapLe \V
I'nysican, PROMERTIES AND Y1ELDS OF
SOME ACETOXYALKYLSILANES

Conpels R ‘. viehl Thp., °CL (i) o (TC)

V CHy 32 122124 1.4176 (25)
(atm.)

vV CuHy? 65 161-163 1.4175 (25)
(atm.)

Y C3Hqe 66 86 (30) 4210 (267

v CHy 4 93 (20) 4259 (23)

V1 CH;e 74 79-82 (1.5) .4349 (20)

VI CyHse 8N
VI CsHqe 91
VI CsHy/ 88
Xe 77

124127 (7) 4398 (23)
120-122 (5) . 4407 (25)
156-158 (8) L4393 (25)
“J. L. Speier, B. ¥. Daubert, and R. R. McGregor, J. -tm.

Chem. Soc., 70, 1117 (1948). * A. D. Petrov, V. F. Mironov, N.
A. Pogoukina, Dokl. Akad. Nawk SSSK, 100, 81 (1955); Chem.

1
1
1
86-87 (2) 1.4378 (25
1
1
1

Abstr., 50, 1573¢ (1956). ¢ No analysis was performed. 7 :Anal.
Caled. for C HyppO,81: i, 14.89. Found: 8i, 1478, ° Anal.
Caled. for CoHyO4S1: C, 51.55; H, 8.67. Fouund: C, 51.55:

H, 8.62. ' .Anal.

11.51.

Caled. for CHpO481: 81, 11.39.  Found: 8i,

19, 114 (1949); Chem. Abstr., 43, 6155 (1949), ¢ This
TaprLe VI
Prvysican PROMERTIES AND YIELDS OF
SoME HYDROXYALKYLRILANES
5
Compd. R vield P.p.. *C. tmm,) IR
VI CHy 39 122-123 (atn1.) L4169 (25)
\TH CH:P 49 142-143 (atm.) 4300 (26)
VT C4yHq ST 161--162 (atm.) .4'3'7() (25)
VI CyHg 84 178-180 (atm.) 4372 (25)

VITT CHye 6
VI CyH. SN
VITI C3Hz# 1)
VITI (' Hy* 60

150 (27) 4611 (225

1
1
1
1
1
14670 (223
11O (4.0} 14651 (305
14-115 (2.2 L4637 (295
1
1
1
1

\FE 15 121-122 (3.8) 4662 (23
ANSE 52 0:3-94 (100) L4216 (25)
XIve b To-T4 (13) 4208 (24)
XVI# BX D697 (23) 4326 (23)

K. Shiina and M. Knmada, Kagyo Kagaku Zasshi, 60,
1305 (1957); Chem. Absir., 53, 17889 (1959), * A. D. Petrov,
V. F. Mironov, and N. A. Pogonkina, Dokl. Akad. Nauk SSSR,
100, 81 (1955); Chem. Abstr., 50, 1573 (1956). ° D. Seyferth,
J. Am. Chem. Soc., 81, 1844 (1959). * Anal. Caled. for CH -
O8i: 8i, 19.18. Found: Si, 19.00. ¢ Dow Corning, British
Patent 630,952 (1949); Chem. Abstr., 44, 4991 (1950). ‘ Not
purified. ¢ Anal. Caled. for CeH,s0.81: C, 48.57; H, 10.90;
Si, 18,94, Found: C, 48.38; H, 10.75; Si, 18.04. * Anal.
Caled, for C7H;g0,81: 8i, 17.30, Found: Si, 17.61.  Anal.
Caled. for CeH,0:81: Si, 18.94. Found: §i, 19.00. 'J. L.
Speier, B. F. Daubert, and R. R. MceGregor, J. s, Chen. Soc.,
70, 1117 (1948). * Ref. 12.

addition had been conpleted, the mixture was stirred at room
temperature for 1.5 hir., then decomposed by the addition of
water. The material was acidified with 6 N HCl, and the or-
ganic material was extracted with 100 ml. of ether. The alcoliol
was isolated by fractional distillation.

5-(Trimethylsilyl)butanol.—To 4.2 g. (0.61 g.-atom) of lithium
wire and 50 mil. of ether was added dropwise, over a period of 30
min., 43.9 g. (0.24 mole) of 4-trimethylsilyl-1-chlorobutane.’®
The mixture was heated at reflux for 24 hr., then the excess
metal was decomposed by the addition of 20 ml. of 95 ethanol.
After work-up, the aleohol was isolated by distillation.
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(12) J. L. Speier, J. 4. Chem. Soc., T4, 1003 (1932).



