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Anal. Calcd. for CIOHl~O~:  Carbonyl oxygen, 9.5%, 
bromine number, 94; hydroxyl, 10.10. Found: Carbonyl 
oxygen, 8.6; bromine number, 102.8; hydroxyl, 10.2570. 

Infrared evidence indicated the presence of an or-hydroxy 
ketone. 

Dehydration of the keto alcohol. The keto alcohol was con- 
verted to the semicarbazone which could not be crystal- 
lized. The semlcarbazone was steam-distilled, the pH being 
kept 8.t 0.9 to 1.0 by the addition of 257, sulfuric acid. The 
product was isolated from the distillate and purified by con- 
version to the sodium sulfite derivative. h 157, yield of oil 
having a spearmint-like odor was obtained. 

Anal. Calcd. for C10H140: Carbonyl oxygen, 10.77,; 
bromine number, 211. Found: Carbonyl oxygen, 10.39;b; 
bromine number, 210.8. 

The keto alcohol rras converted to the oxime which could 
not be crystallized. The oxime was refluxed for an hour with 
57, oxalic acid, then the mixture was steam-distilled. The 
product which was isolated from the distillate in 20% 
yield was shown by infrared analysis to consist of approxi- 
mately 507, carvone. 

Preparation of limonene glycol monoacetate. A solution of 
463.7 g. of limonene monoxide in 1400 ml. of acetic acid 
was refluxed for 4 hr. and allowed to stand a t  room tem- 
perature for 72 hr. On removal of the acetic acid, 561.5 g. 
(93%) of oil was obtained which had an ester value of 
275.2. A sample was steam-distilled. 

Anal. Calcd. for C12H2003: Ester value, 264; bromine 
number, 75.5; carbonyl, 0. Found: Ester value, 274.9; 
bromine number, 76.8; carbonyl, 17.4Y0 as dihydrocarvone. 

Preparation of limonene glycol diacetate. A solution of 
633.8 g. of limonene glycol monoacetate in 1265 ml. of 
acetic anhydride was refluxed for 7 hr. and allowed to stand 
at  room temperature for 50 hr. On removal of the acetic 
anhydride and acetic acid, 688 g. (88.4%) of oil was ob- 
tained. A steam-distilled sample was submitted for analysis. 

Anal. Calcd. for C14HzzOa: Ester value, 442; bromine 
number, 63; carbonyl, 0. Found: Ester value, 413.4; bromine 
number, 64.7; carbonyl, 6.6% as dihydrocarvone. 

A solution of 50 g. of anhydrous limonene glycol in 250 
ml. of acetic anhydride was refluxed for 2.5 hr., then poured 
into water. af ter  the acetic anhydride had hydrolyzed, the 
product was isolated by extraction with ether. On removal 
of the ether, a residue of 69 g. (92.57,) of oil was obtained. 

Anal. Found: Ester value, 420.7; bromine number, 65.2. 
Pyrolyszs of limonene glycol diacetate. The pyrolysis was 

conducted by dropping 544 g. of limonene glycol diacetate 
(77% pure by ester value, 107, dihydrocarvone) through 
an electrically-heated column packed with glass helices. 
I t  was run a t  347461" over a period of 2.5 hr., being pre- 

heated to 190'. The material which came through the 
column was treated with sodium bicarbonate solution to 
remove the acid, a yield of 318 g. of oil being obtained. 

Anal. Calcd. for CI~HI~OZ:  Ester value, 290; bromine 
number, 164; carbonyl, 0. Found: Ester value, 244.2; 
bromine number, 118.1; carbonyl, 16.47, as dihydrocarvone. 

After two treatments with sodium bisulfite, 257.2 g. of 
material, which was free of carbonyl was obtained. 

Anal. Found: Ester value, 249.0; bromine number, 117.0; 
glycol, 9.12% as limonene glycol. 

The product resulting was distilled in vacuo, the main 
fraction, 92 g., boiling a t  83-90"/3.5 mm. 

Anal. Found: Ester value, 275.3; bromine number, 
145.1; glycol, 5.48% as limonene glycol; carbonyl, 2.45% as 
dihydrocarvone. 

SaponiJication of carveol acetate to carved. A solution of 
29.1 g. (0.15 mole) of carveol acetate (distilled) in a solution 
of 20 g. potassium hydroxide (100% excess) in 300 ml. of 
methanol was refluxed for 1.5 hr. After neutralization of the 
excess alkali and removal of the solvents and salts, 12 g. of 
oil was obtained. Infrared evidence indicated that it con- 
tained a high concentration of carveol. It contained 327, 
of dihydrocarvone as an impurity. 

Preparation of limonene chlorohydrzn. To 550 ml. of 1.91)- 
hydrogen chloride in ether was added slowly 150 g. of limo- 
nene monoxide (927, pure) and the mixture allowed to  
stand at  room temperature for 3 hr. The solution was then 
washed with water and dried over anhydrous magnesium 
sulfate. After removal of the ether, 170 g. (91%) of oil was 
obtained. 

Anal. Calcd. for C1OHI7OCl: C1, 18.83; bromine number, 
85; sapon. number, 282; glycol, 0; oxirane oxygen, 0. 
Found: C1, 17.81; bromine number, 80.5; sapon. number, 
274; glycol, 0; oxirane oxygen, 0. 

Analytical methods. 1. Bromine number: W. W. Scott and 
K. H. Furman, Standard Methods of Chemical Analysis, Fifth 
Edition, Vol. 2, p. 1770, Van Nostrand Co., Inc., h'ew York, 
1944. 2. Epoxy (ether HC1 Method): D. Swern, T. W. 
Findley, G. N. Billen, and J. T. Scanlan, Anal. Chem., 19, 
414 (1947). 3. Hydroxyl (acetic anhydride-pyridine): C. L. 
Ogg, U'. L. Porter, and C. 0. Willits, Ind. Eng. Chem., 
Anal. Ed., 17, 394 (1945). 4. Carbonyl (hydroxylamine 
hydrochloride-pyridine): W. M. D. Bryant and D. ill. Smith, 
J .  Am. Chem. SOC., 57, 57 (1935). 5. Glycol (periodic acid): 
W. D. Pohle, V. C. Mehlenbacher, and J. H. Cook, Oil and 
Soap, 22, 115 (1945), or S. Siggia, Quantitative Organic 
Analysis via Functional Groups, First Edition, John Wiley 
R- Sons, New York, 1949, p. 8. 
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A number of dialkylaminoalkyl ethers of benzaldoxirnes and benzophenon oximea have been prepared and characterized 
In preliminary physiological screening studies the pdiethylaminoethyl ether of or-benzaldoxime (as the hydrochloride) 
appeared to be the most interesting of all the compounds tested for local anesthetic activity; it offered good anesthetic 
action and was the least irritating. 

As part of a synthetic medicinals program started 
in these laboratories several years ago a search was 

made for new and improved local anesthetics. Jn 
these studies attention was focused on the dialkyl- 

.. 1 1  . 
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TABLE I 
DIALKYLAMISOALKYL ETHERS OF OXIXES JHYUROCHLORIDES) 

Solvents 
Dialkyl- Used for 

aminoalkyl Yield, Cryetal- U P . ,  "C. Xitrogen Chlorine 
No. Oxime Radical $& lization (Corrected) Formula Calcd. Found Calcd. Found 

VI 

VI1 

1-111 

I X  

X 

XI 

XI1 

XI11 

a-Benzaldoxime 

a-hnisaldoxime 

3,4-Dichloro- 
benzaldoxime 

3,4-Dichloro- 
benzaldoxime 

Benzophenone 
oxime 

p,p'-Dichloro- 
benzophenone 
oxime 

benzophenone 
oxime 

p,p'-Dichloro- 

@-Diethyl- 
amino- 
ethyl 

p-Dimethyl- 
amino- 
ethyl 

p-Diethyl- 
amino- 
ethyl 

p-Diethyl- 
amino- 
ethyl 

@-Dimethyl- 
amino- 
rthyl 

p-Diethyl- 
amino- 
ethyl 

p-Diethyl- 
amino- 
ethyl 

p-Dimcthyl- 
amino- 
ethyl 

56.8 

49.3 

73 

66.8 

62.2 

3 6 . 6  

62.2 

32 .8  

Chloroform- 
Ether; 
Acetone 

Ethnnol- 
Ether 

Ether 

Chloroform- 
Et her 

Chloroform- 
Ether 

Chloroform- 
Ether 

Chloroform- 
Ether 

Chloroform- 
Ether 

124-126 

123-126.1 

142- 146 

159.9-162 

156-158.8 

132.1-133.8 

156 5-158.5 

188.1-191 

10.9 10 .9  

12.3 12.2 

9 .8  9 .6  

8 . 6  8 . 5  

9 . 2  9.1 

8 . 4  8 . 2  

i . 0  7.1  

C r  
i . 1  7 6 

13 9 14 3 * 

15 5 15 6 

12 4 12 7 

10 ga I 1  za 

11 9a 12 2" 

10 'iQ 10 8" 

26 4 26 6 

9 s a  10 l a  

a Ionizable chlorine only. 

of compounds represented by formulas A and B, 
which were f oiind to possess significant anesthetic 
activity. 

H 
C=NO-CH2CH2NR2(HCI, 

I 

w 

11 is irietlivl or t > t l i i  1 
1 i$  117 ciiogtxn, chloro 

3-diethvlaminoot ho\\ 
.I 1% 

Iiispwtion of these general formulas. -1 aiid J3, 
will readily suggest structural similarities found in 
portions of well known physiologically and chem- 
otherapeutically active compounds such as Pro- 
caine, Tetracaine, Benadrj-1, Trasentine, 929F of 
Forneau and Bovet, Tibione, and the like. 

The synthesis of these dialkylaminoalkj71 ethers 
\vas accomplished by a modification of a method 
described by Cheney, Smith, and Binkley2 for 
preparing dialkylaminoalkyl ethers of benzyl- 
phenols. X toluene suspension of the sodium salt of 
the oxime was treated with a toluene solution of 
the free base of the various dialkylaminoalkyl 
chlorides to yield the dialkylaminoalkyl ethers. 

The benzaldoximes (I, 11, 111) reported in this 
paper are the anti (a) oximes, which arc more 
stable than the syn (p) f0 rn i s .~~4~~  The dialkylamino- 
alkyl ethers of the benzaldoximes have been as- 
signed the benzaldoxime-0-ether struct>ure, C, i n  
prefei*ence t o  the isomeric benzaldoxinie-S-ether, 

H 
T=N-  0 - R  

0 C 

0 
H I  
C=N-R 

I 

0 D 

D. Although both oxygen a i d  nitrogen ethers arc' 
theoretically possible reaction products, the 0- 
ethers are niuch more likely to be the main prod- 
ucts and very little of the -2r-ethers is obtained.2 

I n  preliminary studies it was observed that ill 
general representative compounds of the series of 
dialkylaminoalkyl ethers of benzaldoximes and 
benzophenone oximes (as hydrochloride salts) 
tested in the cornea of a rabbit produced a marked 
anesthesia but in some cases also caused irritation. 
Compound VI,  the p-diethylaminoethyl ether of 
a-benaaldoxime, was fouiid to be the most promis- 
ing local anesthetic of the compounds tested, sho\v- 
ing the greatest degree of activity and the least 
irritation, It appears that the presence of halogen 

(3) Beckmann, Ber., 23, 1684 (1890). 
(4) Bamhwger and Scheutz, Rcr., 34, 2021 (1901) 
( 5 )  Iiodgion and Beard, J .  Chein. Soc., 25 (1927). 
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substituents in the nuclei of these compounds en- 
hances the irritation effect. 

I n  general representative types of the dialkyl- 
aminoalkyl ethers in series A and B showed very 
little antibacterial or antifungal activity in pre- 
liminary i n  vitro tests. Benzaldoxime, anisaldoxime, 
benzophenone oxime, and p,p'-dichlorobenzophe- 
none oxime (compounds I, JI ,  IV, and V) failed 
to show any significant bacteriological activity, 
while compound 111, the 3,4-dichlorobenxaldoxime, 
demonstrated sufficient activity to warrant further 
testing. 

EXPERIMENTAL 

Synthesis of benzaldehyde and benzophenone oximes. 
a-Benzaldoxime, sodium salt (I).6 To 140 g. (3.5 moles) of 
sodium hydroxide dissolved in 400 ml. of water was added 
210 g. (1.98 moles) of benzaldehyde. To this mixture was 
added, while stirring, 150 g. (2.16 moles) of hydroxylamine 
hydrochloride. During the mixing the mixture became warm 
and the oily layer dissolved to form a homogeneous yellow 
solution which crystallized on cooling. Sufficient water (ca.  
300 ml.) was added with stirring to form a clear solution. 
Sufficient carbon dioxide gas was then passed through the 
solution to cause a colorless emulsion of the anti-benzaldox- 
ime to separate on the surface of the solution. The insoluble 
oil was extracted with two 1-1. portions of ether. The ether 
extracts were combined and dried over anhydrous sodium 
sulfate. The ether was distilled off leaving an oily residue, 
the crude 0-benzaldoxime. The crude product was treated 
with 700 ml. of a solution of sodium methoxide [235 g. 
(4.37 moles) in 1500 ml. of anhydrous alcohol] to form its 
sodium salt. The mixture was stirred well, filtered, and 
washed with alcoholic sodium methoxide solution and 
dried.8 It was then triturated and washed with three 500- 
ml. portions of benzene, refiltered and dried at  70'. Reight, 
125 g. An additional 62 g. of product was obtained by con- 
centration of the filtrate plus washes. Total yield, 187 g 
(65.8%). 

The other benzaldoximes were prepared by similar meth- 
ods. a-Anisaldehyde (11) was obtained in a 45y0 yield by 
the procedure of Bamberger and Scheutz4; m.p. 60". The 
oxime of 3,4-dichlorobenzaldehyde (111) was isolated in an 
86.5% yield by the method of Hodgson and Bear@; m.p. 

Benzophenone oxime I V .  Starting with 100 g. (0.55 mole) 
of benzophenone, the oxime was prepared essentially by 
the method described by Lachman and Nollerg with the 

116.3-1 19'. 

(6) Procedures used for alkylating the a-oximes were 
essentially the same as those reported in the literature to 
give the 0-ethers.? Studies of the ultraviolet spectra of N-  
and O-methyl and N- and O-benzyl ethers of benzaldoxime 
[Meisenheimer and Dorner, Ann., 499, 161 (1933) and 
Ramart-Lucus and Martynoff, Bull .  SOC. chim., 916 (1949)l 
have shown that the 0-ethers have spectra similar to that 
of the parent oxime, whereas the spectra of the N-ethers 
are quite different. The similarity between the ultraviolet 
absorption curves of the diethylaminoethyl ethers of 3,4- 
dichlorobenxaldoxime and p,p'-dichlorobenxophenoneoxime 
and those of the parent oxime offered confirmation that 
these compounds are 0-ethers. 

(7) Richter-Anschutz, The Chemistry of the Carbon 
Compounds, Vol. 111, 3rd ed., Elsevier, Yew York, 1946, 

(8) Beckmanna noted that an alkaline wash removes 
virtually all of the small amount of the p-oxime present. 

(9) Lachman and Koller, Org. Syntheses, Coll. Vol. I1 70 
(1944). 

pp. 273-274. 

exception that powdered potassium hydroxide was used in 
place of sodium hydroxide. The crude product was recrystal- 
lized from methanol to give 90 g. (83% yield) of product 
melting a t  143-144'. 

p,p'-Dichlorobenzophenone oxime V. The oxime of p,p'- 
dichlorobenzophenone was prepared starting with 138 g. 
(0.55 mole) of the ketone by the method used for benzo- 
phenone oxime. Yield, 110 g. (75.3%); m.p. 135.2-136.9'. 
Newton and Grogginslo reported 136" as the melting point 
for this compound. 

Synthesis of dialkylaminoalkyl chlorides. Most of the re- 
quired p-dialkylaminoalkyl chlorides were commercially 
available as the hydrochloride salts. The preparation of the 
unavailable p-dialkylaminoalkyl chlorides was effected by 
the method of Slotta and Benisch.11 

Synthesis of diallcylaminoalkyl ethers of benzaldoximes and 
benzophenone oximes. Procedure A .  This procedure is illus- 
trated by the synthesis of compound VI. p-Diethylamino- 
ethyl ether of a-benzaldoxame (hydrochloride) (VI).  A sus- 
pension of 42.9 g. (0.3 mole) of the sodium salt of a-benz- 
aldoxime in 1 1. of toluene was stirred while a dried toluene 
solution of the free base of p-diethylaminoethyl chloride 
was slowly added by means of a dropping funnel. When the 
addition was complete, stirring was continued for 1 hr. 
without any external heating. The mixture was then heated 
at  reflux temperature (ca.  71-92') for 12 hr. At the end of 
this period the reaction mixture was cooled to room tem- 
perature and filtered to remove salt and insoluble impurities. 
The filtrate was distilled in vacuo to remove excess free 
amine chloride and toluene. 

To the residue was added 2 1. of dry ether, and after filtra- 
tion the ethereal solution was treated with dry hydrogen 
chloride until precipitation of a crude oily hydrochloride 
salt was complete. The gummy precipitate was purified by 
dissolving it in 200 ml. of chloroform, filtering to remove 
cloudiness, and then slowly pouring the filtrate into an 
excess of fresh, dry ether (1500 ml.). The product, which 
separated as a pale yellowish oil that crystallized on stand- 
ing, was filtered, washed with two 100-ml. portions of fresh, 
drv ether, and dried. The dried material was ground, tritu- 
rated well Kith 500 ml. of dry ether, filtered, and redried 
to rid it of a benzaldehyde-like odor. The weight of this 
product melting at  120 to 125' was 46.4 g. (60.3% yield). 
Further purification was effected bv recrystallization from 
dry acetone. The pure product melted at  124-126" and 
Keighed 43.8 g. (56.870 yield). Analytical data are given 
in the table. 

Procedure B.  This procedure is illustrated with the syn- 
thesis of compound IX. P-Diethylaminoethyl ether of S,4- 
dichlorobenzaldoxime (hydrochlorzde) (IX).  T o  a freshly pre- 
pared sodium methoxide solution obtained by dissolving 
7 g. (0.3 mole) of sodium in 120 ml. of dry methanol was 
added 57 g. (0.3 mole) of 3,Pdichlorobenzaldoxime. After the 
mixture had been stirred 1 hr. to effect solution, the excess 
methanol was removed by vacuum distillation. The residual 
mass, the sodium salt of the oxime, was suspended in 1 1. 
of toluene. To the toluene suspension of the sodium salt 
of 3,4-dichlorobenzaldoxime was added about 1 1. of dried 
toluene solution of the free base of p-diethylaminoethyl 
chloride prepared from 72.2 g. (0.42 mole) of the corre- 
sponding hydrochloride salt. The mixture was heated a t  
reflux temperature (95-97") for 12 hr. and then worked up 
as described in Procedure A. The crude hydrochloride salt 
was purified by recrystallizing it from chloroform by the 
addition of dry ether. The white crystalline product melting 
159.9-162' weighed 65 g. (66.8% yield). Analytical data are 
given in the table. 

(10) Newton and Groggins, I n d .  Eng. Chem., 27, 1397 

(11) Slotta and Benisch, Ber., 68, 754 (1935). 
(1935). 
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A generai method for the Eynthesis of 6-chloropurine nucleosides, particularly valuable as intermediary nucleosides, is 
described. Condensation of chloromercuri-6-chloropurine with the proper 0-benzoylated glycosyl chloride has aff ordcd 
9-~-~-rhamnopyranosyl-, 9-a-L-rhamnofuranosyl-, and 9-B-~-ribofuranosyl-6-chloropurines in 2841% yields. 

Since Fischer and Helferich4 synthesized the 
first nucleoside, 7-glucopyranosyltheophylline1 by 
condensation of silver theophylline Ivit h tetra-0- 
acetyl-a-D-glucopyranosyl bromide there have been 
only three improvements in the procedure. Davoll, 
Lythgoe, and Todd6 observed that tri-0-acetyl- 
pentofuranosyl chlorides, due to their increased 
stability, gave higher yields of nucleosides than the 
corresponding furanoqyl bromides. Another major 
improvement was the introduction of the use of 
chloromercuri derivatives of purines, rather than 
silver purines, by Davoll and L o ~ y . 6  The third 
major improvement was the introduction of 0 -  
benzoyl blocking groups, rather than 0-acetyl for 
the sugar moiety by Kissman, Pidacks, and 
Baker7; that higher yields are obtained has been 
verified several times.8-10 In certain cases, the use 
of the more hydrolytically stable 0-benzoyl group 

(1) Affiliated Tith Sloan-Kettering Institute. 
( 2 )  This work was supported in part by the Kettering 

Foundation and by t,he Lasker Foundation. For paper V 
of this series see L. L. Bennett, Jr. and H. T. Baker, J .  Org. 
Chem., 22, 707 (1957). 

(3) Present address: Stanford Research Institmute, Menlo 
Park, Calif. 

(4)  E. Fischer and B. Helferich, Ber., 47, 210 (1914). 
( 5 )  (a)  J. Davoll, B. Lythgoe, and A. R.  Todd, J .  Chenz. 

Sac., 967 (1948). ( b )  An apparent exception that furanosyl 
chlorides can be expected to give higher yields of nucleo- 
sides than furanosyl bromides has been observed with the 
2,3,~-tri-O-benzoyl-~-xy~ofuranosyl ha1ides.B 

(6) J. Davoll and B. A. Loviy, J .  8 7 7 2 .  Chenz. Sac., 73, 

17) H. 11, Kissman, C. Pidacks and B. R.  Baker, J .  Am. 
1650 (1951). 

C h i n .  Sac., 77, 18 (1955). 
18)  B. R. Baker. J .  P. Joseeh, and R. E. Schaub, J .  Am. 

Chem. Sac., 77, 5905 (1955). 

J .  Sm.  Chem. Soc., 78, 2117 (1956). 

Institute, to be published. 

(9) J. J. Fox, Y. Yung, J. Davoll, and G. B. Brown, 

(10) J. A. Johnson and H. J. Thomas, Southern Research 

is essential for transformation work necessary dur- 
ing synthesis of the blocked s ~ g a r s . ~ ) ~ ~ , ~ ~  

The use of 0-benzoyl blocking groups for the 
synthesis of nucleosides may have the serious 
drawback that base-catalyzed removal of the 
group from base-labile nucleosides, such as those de- 
rived from 6-chloropurine, may not be feasible. 
The finding that 6-chloropurine nucleosides can be 
made from poly-0-benzoyl glycosyl halides in satis- 
factory yield is the subject of this paper. 

The only example of a 6-chloropurine nucleoside 
described in the literature is the 9-p-D-ribofurano- 
side (VII). Brown and Welik~r '~ synthesized this 
nucleoside (T'II) from 2,3,5-tri-O-acetyl-~-ribo- 
furanosyl chloride and chloromercuri-6-rhloropu- 
rine. They obtained a 267, yield of crude, colored 
nucleoside; recrystallization was attended by a 
considerable loss and the yield of pure material was 
not specified. 

c1 Cl c1 

1 OR OR OR OR 

I, R = C6HhCo- 111, R = C6HbCO- 
11, R = H IV, R = H 

T', R = CHYCO- 
VI, R = CJ3;CO- 

VII, E = H 

(11) B. R. Baker, K. E. Schaub, and J. H. Killiams, 

(12) B. R. Baker and K. Hexvson, Paper TTII of this 

(13) G. B. Brown and V. S. Keliky, J .  Bid.  Chem., 204, 

J .  Am. Cham. Soc . 77, 7 (1955) 

series, J .  Org. Chern , 22,  966 (1957). 

1019 (1953). 


