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chloride in vacuo followed by recrystallization of the residue
from benzene gave 1.56 g. (74%) of the carbomethoxy
derivative (XLVI), m.p. 153-157°, in two crops; Aiemu
5.76 (ester C=0), 6.11 (lactam C=0 and aryl), 6.22 (C=C),
11.32 (1,2,4,5-tetrasubstituted benzene).

Anal. Caled. for CHisNOs:: C, 68.6; H, 6.16; N, 5.71.
Found: C, 68.6; H, 6.21; N, 5.64,

Ethyl 1,2-dehydro-1,6,7-trimethyl-2-ox0-3-quinolinecar-
borylate (XLVII) was prepared in 789, yield, m.p. 105,-
109°, by the procedure described for the carbomethoxy
derivative (XLVI).

Recrystallization from benzene—Skellysolve B® raised the
melting point to 109-110°; AEBr ,, 5.78 (ester C=0), 5.90,
6.07 (lactam C==0); NH1.. 359 (e 7T400), NE7 .. 362 (e
7400), NE 2 ., 8338 («8200).

Anal. Caled. for C;H-NO:: C, 69.5; H, 6.61; N, 5.40.
Found: C, 69.2; H, 6.70; N, 5.24.

1,2-Dihydro-1,6,7-trimethyl-2-oxo-3-quinolinecarbozylic acii,
hydrazide (XLV). A solution of 0.117 g. (4.5 mmoles) of
ethyl 1,2-dihydro-1,6,7-trimethyl-2-oxo-3-quinolinecarboxyl-
ate (XLVIT) in 1.2 ml. of methanol was treated with 0.5
ml. of hydrazine hydrate. After about 3 min., a crystalline
precipitate separated. The resulting mixture was heated on a
steam bath for 1 min., then diluted with 10 ml. of water.
The crvstalline precipitate was filtered, then dried to yield
0.105 g. (95%), m.p. 215.0-215.5°; \Ex ., 3.07 (NH), 6.02
(C=0); Nimpw 365 (€ 7370}, Nossia 360 (e 8800), Noiliow
354 (¢ T860).

Anal. Caled. for C;Hi;N,O2: C, 63.6; H, 6.16; N, 17.1.
Found: C, 63.7; H, 6.32; N, 17.0.
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2,10-Dihydro-2-imino-7,8,10-trimethylpyrimido{4,5-b |-
quinoline-4(3H Yone (L) acetate. A mixture of 290 mg. (3.06
mmoles) of guanidine hydrochloride, 500 mg. (2.04 mmoles)
of methyl 1,2-dihydro-1,6,7-trimethyl-2-0x0-3-quinolinecar-
boxylate (XLVI), and 6 ml of 1N methanolic sodium
methoxide was refluxed for 3 hr., then cooled and diluted
with 25 ml. of water and 5 ml. of saturated aqueous sodium
bicarbonate. The precipitate was filtered and washed with
water, then dried to give 230 mg. of crude L as a yellow
solid.

The acetate salt of L was prepared by heating 50 mg. of
the above yellow solid in 30 ml. of 859 acetfic acid on a
steam bath for 30 min. After being allowed to cool, the
supernatent liquid was separated by centrifugation and the
solid was dried; yield 48 mg. of yellow solid, m.p. >300°,
which was homogeneous on paper chromatography in solvent
B with £;0.57.

Anal. Caled. for C,,H(N,O-HC,H;0,: C, 61.1; H, 5.77; N,
17.8. Found: C, 61.0; H, 5.62; N, 17.5.
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The synthesis of a series of 3-alkyl, 3-aryl, 3-alkoxymethyl, and 3-dialkylaminomethyltriptych-boroxazolidines has been
carried out. In addition, several triptychboroxazolidines carrying reactive functional groups at the 3-position have been pre-
pared including the 3-chloromethyl, 3-hydroxymethyl, 3-aminomethyl, and 3-cyanomethyl compounds. Certain of the reac-
tions of the 3-chloromethy! and 3-aminomethyltriptych-boroxazolidines have been investigated with particular reference
to the linking of an amino acid moiety to the triptych-boroxazolidine moiety. Although the chloromethyl compound proved
to be of limited use in this respect, the aminomethyl compound has provided a boron-containing amino acid, a compound

of possible interest in cancer chemotherapy.

The suggestion by Kruger that the neutron-
induced disintegration of boron should be ap-
plicable to cancer chemotherapy?® and the demon-
stration by Christensen ef al.* that some of the
amino acids selectively concentrate in certain
tumor cells provided the incentive to investigate
the synthesis of boron-containing amino acids.®
The present work involves certain aspects of the

(1) This work was supported, in part, by grant no.
(CY-3275 from the National Institutes of Health.

(2) Postdoctoral Research Associate 1958-1959.

(3) P. G. Kruger, Proc. Natl. Acad. Set., 26, 181 (1940).

(4) H. N. Christensen and T. R. Riggs, J. Biol. Chem.,
194, 57 (1952); H. N. Christensen, T. R. Riggs, H. Fischer,
and I. M. Palatine, J. Biol. Chem., 198, 1, 17 (1952); T. R.
Riggs, B. A. Coyne, and H. N. Christensen, J. Biol. Chem.,
209, 395, 413 (1954).

(5) For another recent report of the synthesis of a boron-
containing amino acid ¢f. H. R. Snyder, A. J. Reedy, and
W. J. Lennarz, J. Am. Chem. Soc., 80, 835 (1958).

chemistry of the triptych-boroxazolidine type of
compound® and had as its aim the incorporation of
this moiety in an amino acid. Triethanolamine
borate (I), the simplest triptych-boroxazolidine,
was reported first in 1933 in a German patent’
and investigated in much more detail by Brown
and Fletcher®* and by Hein and Burckhardt.®
It is with monosubstituted triethanolamine borates
that the present paper is concerned, although from
the standpoint of a therapeutic agent the trieth-
anolamine borate ring is not the most desirable,

(6) This nomenclature is that suggested in the “Pre-
liminary Report of the Advisory Committee on the Nomen-
clature of Organic Boron Compounds.”

(7) C. A. Rojahn, DRP 582,149 (Cent., 1933, II, 2704).

(8) H. C. Brown and E. A. Fletcher, J. Am. Chem. Soc.,
73, 2808 (1951).

(9) F. Hein and R. Burckhardt, Z. dnorg. u. Allg. ("hem.,
268, 159 (1952).
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as it undergoes fairly rapid hydrolysis. Much more
stable is tripropanolamine borate, which has half
life in water at 25° of 618 days, over 10° greater
than the half life of triethanolamine borate,?
Even in the symmetrically-substituted compound,
however, the possibility of diastereoisomers exists
(1Ia and IIb) and, in fact, Steinberg and Hunter®
obtained evidence for two species in their tri-
propanolamine borate preparation, one consider-
ably more rapidly hydrolyzed than the other.
The species were not identified, but they may
possibly be the two diastereoisomeric forms of
1I(a and b). The substitution of another group for
one of the methyl groups in II obviously compli-
cates the isomer problem further, and for this

N
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H H H
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a IIb

reason the initial studies avoided unsymmetrically-
polysubstituted triptychboroxazolidines. It had
been hoped that both the isomer problem and the
hydrolysis problem could be circumvented by
using gem-dimethyl compounds. Unfortunately,
trialkanolamines containing gem-dimethyl groups
(III) did not yield triptych compounds but gave
instead what are thought to be noncyclic borate
esters of structure I'V. For these reasons the initial
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work in this laboratory has been conducted on the
simplest members of the series, viz., the mono-
substituted triptych-boroxazolidines.

Alkyl and aryl-substituted triptych-boroxazoli-
dines. Although it is possible to obtain the triptych
compounds from boric acid and the appropriate
trialkanolamine, the preparation proceeds more
smoothly and with fewer complications!! when a
boric acid ester is employed. In the present instance,
tri-n-butyl borate was generally used as the boron-
ating agent, and the n-butylalcohol which was
formed was removed by distillation. In this fashion
compounds of structure V, VI, and VII were pre-

(10) H. Steinberg and D. L. Hunter, Ind. and Eng. Chem.,
49,174 (1957).
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pared, the products in all cases being rather high-
melting, crystalline solids soluble in acetonitrile
and dimethylformamide, less soluble in chloroform,
and insoluble in ether, petroleum ether, dioxane

N R,
K4
B/ R
/
O 9 @)
Vv
a. Rl = H, Rg = CH:;
b.R: = H, Ry, = C;H;
¢. Ry = H, R, = CH=CH;
d. Ry = H, R = CeH;
e. Rl = R2 = CH;
/ \\\ ——
/74\ / XN/
(B 9
o/ o TN
0]
VI VII
tetrahydrofuran, etc. The requisite trialkanol-

amines for compounds of structure V and VI were
prepared from diethanolamine and the appropriate
epoxide, the reaction being conducted in most
cases in chloroform with a trace of water or ethanol
as catalyst.!? The starting material for VII was
obtained from ¢-aminophenol and excess ethylene
oxide.?

Alkoxy-substituted triptych-boroxazclidines. Using
boron trifluoride as a catalyst!* alcohols were con-
densed with epichlorohydrin to yield 1-alkoxy-2-
hydroxy-3-chloropropanes which were then con-
verted to the corresponding epoxides by the action
of sodium hydroxide.”® Using the same sequence of
reactions as described above, compounds of strue-
ture VIII were prepared. These materials are lower-
melting than the alkyl- and aryl-substituted ana-
logs (V, VI, VII) and are soluble in benzene. Of
particular interest in this group is 3-diethoxy-
methyltriptych-boroxazolidine (VILIe), which was
prepared' from acrolein diethyl acetal by conver-

(11) As Hein and Burckhardt observed, the use of boric
acid often leads to the formation of a low-melting, ex-
tremely hygroscopic by-product which makes the purifica-
tion of the triptych compound difficult. These authors sug-
gested that this by-product was a boric acid salt of the trip-
tych compound. On the basis of the similarity of the infrared
spectrum of the by-product with that of the polymer derived
from chloromethyltriptych-boroxazolidine (cf. later section)
and with the knowledge that esters containing free B—OH
groups are exceedingly susceptible to hydrolysis, it seems
equally likely that the by-product is a cross-linked polymerie
boric acid ester containing free B—OH groups.

(12) J. W. Headlee, A. R. Collett, and C. L. Lazzell,
J. Am. Chem. Soc., 55, 1066 (1949).

(13) I. G. Farben, DRP 206,309 (1927).

(14) Cf. E. Levas and H. Lefebvre, Compt. rend., 222,
555, 1439 (1946) for the use of boron ftriffuoride in similar
condensations involving phenols.

(15) H. Flores-Gallardo and C. B. Pollard, J. Org. Chem.,
12, 831 (1947).

(16) J. E. Wuller, masters thesis, Washington University,
1957.
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a. R1 = H, R2 = CHg

b. R1 = II, Rz = CgHs

C R1 = H, Rz = CHzCH:CHg
d. R1 = y 2 = CHQCGH,

e R1 = OCQH.’,, Rz = Csz,

sion to the corresponding epoxide via the chloro-
hydrin, reaction of the epoxide with diethanolamine,
and boronation with boric acid to VIIIe.
Dialkylamino and alkylarylamino-substituted trip-
tych-boroxazolidines. The action of secondary amines
on epichlorohydrin followed by treatment with
base yielded 1-dialkylamino-2,3-epoxypropanes.
Treatment of these with diethanolamine followed
by treatment with tri-n-butyl borate provided

compounds of structure IX. These materials
a. R1 = Rz = CH3
b. R1 = R2 = CgHa
C. Rl == R2 = n-03H7
d. Rx = R2 = n—C4H9
e. Ri + Rs = C4H;0 (morphiline)
f. Ry + Ry = C;Hy, (piperidine)
g. R1 = CHg, R2 = CsH;‘,

are moderately high-melting, crystalline solids, sol-
uble in benzene and acetonitrile, distillable in high
vacuum without decomposition, and possessing
only very weakly basic properties as indicated by
failure to form salts with hydrogen chloride and
hydrogen bromide and by only a very slow re-
action with ethyl iodide.

Triptych-boroxazolidines substituted with reaclive
functional groups. The chloromethyl compound
(XIa) was obtained from B-chloromethyltrieth-
anolamine (Xa), prepared by the action of dieth-
anolamine on epichlorohydrin. This intermediate.
which slowly polymerized as the result of intra-
molecular quaternization, provided the triptych
compound (XIa) in 939 yield if it were subjected
soon after preparation to the action of triethyl
borate. The hydroxymethyl compound (XIb) was
obtained from g-hydroxymethyltriethanolamine
(Xb), prepared from 1-chloro-2,3-dihydroxypro-
pane, by the action of tri-n-butyl borate. The
aminomethyl compound (XIc) was prepared by
three routes, the one of choice involving the am-
monation of Xa to B-aminomethyltriethanol-
amine (Xec) followed by boronation with tri-n-
butyl borate to XIe, Allylamine provided the start-

(17) H. Gilman, C. 8. Sherman, C. C. Price, R. C. Elder-
field, J. T. Maynard, R. H. Reitsema, L. Tolman, S. P.
Massie, F. J. Marshall, and L. Goldman, J. Am. Chem. Soc.,
68, 1291 (1946).
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ing material for two further syntheses of this
compound. Conversion to ethyl N-allylcarbamate
(XIIa) followed by epoxidation to XIIIa and treat-
ment with diethanolamine yielded the trialkanol-
amine derivative Xd which on hydrolysis provided
Xe, convertible to XIc as indicated above. Al-
ternatively, allylamine was converted to benzyl
N-allylcarbamate (Xd), which was then epoxidized
to XIIIb and treated with diethanolamine to yield
Xd. Boronation with tri-n-butyl borate gave 3-N-
carbobenzoxyaminomethyltriptych - boroxazolidine
(XId) from which the benzyloxy group could be
removed by catalytic hydrogenolysis, providing a
third synthesis of XIc. The cyanomethyl compound

CH,CH.,OH
. N
N CH.CH,OH ) />_CH2R
CH,CHCH:R /
2‘ 2 0 / \O
OH 0
X aR=Cl XTa. R =Cl
b. R = OH b.R = OH
¢. R = NH; c. R = NH.
d. R = NHCO,C,H, d. R = NHCO,CH,C¢H;
e. R = CN e. R = CN
CH,—=CHCH,NHCO:R CH,——CHCH,NHCO:R
N/
0
XII a. R = 02H5 XIIIa R = 02H5
b. R = CH.CsH; b. R = CH.C¢Hs

(XIe) was prepared by treating a methanolic
solution of B-chloromethyl-triethanolamine (Xa)
with a concentrated aqueous solution of potassium
cyanide to yield Xe, followed by boronation to
XTe.

Reactions of triptych-boroxazolidines. The goal
of this work, as yet incompletely realized, was to
prepare compounds of the general structure XIV

\
N
+ (Y)—CHCO.H
\_B._ |
0%/ 0 NH,
0
X1V

where the bridge (Y) between the triptych-borox-
azolidine moiety and the amino acid moiety in-
volves a C—C link, an O—C link, or a N—C
link. To this end, the compounds XIa and Xle
appeared to be promising, and a number of experi-
ments have been carried out with this pair of
substances. Unfortunately, the chloromethyl com-
pound (XIa) was ineffectual as a generally-useful
alkylating agent. Thus, sodium methoxide or
magnesium methoxide in boiling xylene, potassium
cyanide in dimethylformamide, cuprous cyanide
in pyridine, sodio diethyl malonate,’® secondary

(18) As the possibility could not be excluded that the
anion B(OR);CH(CO.C.H;), ~ would form and interfere with
the alkylation, the reaction of sodio diethylmalonate with
allyl bromide in the presence of one mole-equivalent of tri-
ethyl borate was carried out. A 509, yield of diethyl allyl-
malonate was obtained, indicating that the failure of XIa
to yield a product is probably not due to this difficulty.
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Fig. 1. Infrared spectra of triptychboroxazolidines in 1100

cm, !

Regions: (A) Triptychboroxazolidine (I). (B) 3-Methyl-
tnptvchboroxazohdme (Va.) (C) 3-Hydroxymethyltriptych-
boroxazolidine (XIb). (D) 3-Chloromethyltriptychborox-
azolidine (XIa). (E) 2-Cx anomethyltriptychboroxazolidine
(XIe). (F) 3-Benzoylaminomethyltriptychboroxazolidine
(%gg).) (G) N-(3-triptychboroxazolidinylmethyl)glutamine
(3 c

amines in dimethylformamide, and hydrogen in
the presence of palladium-charcoal all failed to
react with XIa. Sodium methoxide in methanol
or sodium ethoxide in ethanol, however, did react
with XIa to yield the morpholine derivative XV
when a 1:1 ratio of alkoxide to XIa was em-
ployed or the alkoxymethylene triptych compound
when a 4:1 ratio of alkoxide to XTa was used. A

I\ /CH;CHZOH
HOCH.CH,N 0 N<CHQCI{20H
CH,OH CHQC{’{";CHQ
~0
XV XVI

possible explanation for the formation of XV as-
sumes a base-catalyzed alcoholysis to the trialk-
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anolamine (Xa) which may then undergo elimi-
nation of hydrogen chloride to form the epoxide
XVI. Intramolecular reaction of XVI would yield
XV, while intermolecular reaction of XVI with
alkoxide ion followed by reboronation could yield
VIIIa. Substitution products were also obtained
through the action of potassium phthalimide and
sodium acetate which led to XVIa and XVIb,
respectively., Sodium hydride reacted with Xla,
but the product (which appears to he a polymer)
was not characterized.

A
_/ %TA\ CH,R
\(&O \Of

XVI
9 0
= I
a R=X | f R=NH |
Z S
HO,C
o 0
b. R=0COCH, C
c¢. R=NHCOC:H; NHC
d R=NHCONHCH; g R= j@
e R-NHCSNHCH,; HO,C

The aminomethyl-triptych compound (XIc)
was more amenable to reaction than XIa and, albeit
with some reluctance, formed derivatives includ-
ing the N-benzoyl compound (XVIe), the urea
derivative from phenylisocyanate (XVId), and
the thiourea derivative from phenyl isothiocyanate
(XVIe). Succinic anhydride reacted with Xlc¢ to
yield XVIf, and phthalic anhydride gave, initially,
the half amide XVIg which upon heating at 200°
was converted to the imide XVIa, identical with
the material obtained »ia the cbloromethyl com-
pound. An alternate synthesis of XVla involved
the conversion of 3-phthalimido-1,2-epoxypropane
to the corresponding triethanolamine derivative
followed by boronation. prL-Phthalimidoglutamic
acid anhydride reacted with XIc to yield the amino
acid derivative XVIIa and with 1-N-carbobenzyl-
oxyglutamic acid anhydride to yield the amino
acid derivative XVIIb. Catalytic hydrogenolysis
of XVIIb furnished the free amino acid XVIIc
as a crystalline, low-melting solid but so hygro-
scopic that an analysis could not be obtained.

<\ /\—CHZNHCOCHQCHchCO H

/ \
R] R?
XVH
0O
0
b. Ry = H, Ry = CO,CH,CeH;
c. Ri =R =
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The structural assignment is based on the fact
that the compound contains boron, gives a positive
ninhydrin test, possesses certain bands in the
infrared characteristic of the triptych and amino
acid moieties, and was prepared by a sequence of
reactions which has been shown to lead to such com-
pounds in related instances.

The present investigation has established the
fact that the triptych-boroxazolidine moiety may
be incorporated as a unit into more complex
structures even when the triptych compound is
only monosubstituted and thus hydrolytically
unstable. It is anticipated that further research in
this area will extend the procedures described herein
to the use of more highly-substituted triptych com-
pounds leading to the synthesis of substances of
greater biological interest and utility.

EXPERIMENTALY

Analytical methods. Epoxides containing no basic nitrogen
were determined by first treating the sample with a 59,
solution of pyridine hydrobromide in glacial acetic acid
followed then by titrating with 0.1V perchloric acid in glacial
acetic acid using methyl violet as indicator. Epoxides con-
taining basic nitrogen were determined by the method of
Durbetaki.? Basic nitrogen was determined by titration
with 0.1.V perchloric acid in glacial acetic acid using methyl
violet as indicator.?! In the case of the triptych-boroxazoli-
dines, which are such weak bases that they do not titrate
smoothly with perchloric acid, the following procedure was
employed. A 0.2-0.3-g. sample of the compound was dis-
solved in 50 ml. of 0.1V perchloric acid in acetic acid,
and the solution was heated on the steam bath for 15 min.
After cooling to room temperature, the excess perchloric
acid was back titrated with 0.1V sodium acetate in glacial
acetic acid. Boron content was determined by the method
of Thomas?? which involves treating the borate ester with
methanol and sulfuric acid, distilling the methyl borate
which is formed into a receiver containing water, and
titrating the resulting boric acid solution with sodium hy-
droxide in the presence of mannitol.

AN

Epoxides of the general structure CH, CRR'. All of
the epoxides used in the experiments described below in
which R and R’ are H, alkyl, aryl, alkoxymethyl, or aryl-
oxymethyl are readily available as items of commerce or via
syntheses described in the literature. The aminoalkylethyl-
ene oxides, listed in Table I, were prepared by adding the
appropriate secondary amine to epichlorohydrin'? and main-
taining the temperature over the 4-hr. period of addition
at 20-25°. Aqueous sodium hydroxide was then added at such
a rate that the temperature was maintained at 25-30°. The
resulting epoxide was worked up in the usual way and puri-
fied by distillation through a short Vigreux column.

Triethanolamine derivatives of general structure (HOCH,
CH:):NCH,C(OH)R;R2. The triethanolamine derivatives

(19) All melting points were determined on a Kofler hot
stage calibrated against compounds of known melting
point. All boiling points are uncorrected. Infrared spectra
were determined on a Perkin Elmer Model 21 instrument.
We are indebted to Mrs. Franziska Schleppnik for most of
the boron and nitrogen analyses.

(20) A.J. Durbetaki, Anal. Chem., 30, 2024 (1958).

(21) E. F. Hillenbrand and C. A. Pentz, in Organic Analy-
sts, Vol. II1, Tnterscience Inc.,, New York, N. Y., 1956, p.
145.

(22) 1. H. Thomas, J. Chem. Soc., 820 (1946).
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TABLE I
DIALKYLAMINO- AND ARYLALKYLAMINOMETHYLETHYLENE
Ry
VAR
Oximpes CH,——CHCH.N
Ro
Epoxide
-_,_P? _Gio_qps Nitrogen, ' ()x_\'gen,m‘;»gr
Ry R, Formula Caled. Found Caled. Found
n-CsH;  n-CH; CH;,NO 8.91 9.01 10,17 10.32
TL-C4H9 N‘CQH{-) CUHnNO 756 758 864 853
o] C:H;3NO, 9.78 9.92 11.18 11.05
( CsHisNO  9.92 10.01 11.33 11.45
CH; C¢H; CiHiNO 8.58 8.65 9.80 9.79

listed in Table II were prepared in all cases by the addition
of the appropriate epoxide to a chloroform solution of di-
ethanolamine. After the initial exothermic reaction had sub-
sided, the solution was refluxed for several hours and the
product then worked up in the usual way and purified by
distillation through a short Vigreux column. In the majority
of instances a triacetyl derivative of the trialkanolamine was
prepared, and in all such cases the analysis for nitrogen
agreed closely with the calculated value.

TABLE II

B-SUBSTITUTED TRIETHANOLAMINES
(HOCH,CH,),N CH,C(OH)R R,

R Groups Nitrogen, %
R R, Formula Caled. Found
H CH, CHNO; 8.68 8,71
H C.Hs CsH1yNO; 7.90 7.93
H CsH5 CmH]gNOg 6.22 6.11
CH; CH; CeH1,NO; 7.90 7.97
H CH,OCH;, CsH N O, 7.256 7.39
H CH,0C,H; CyHyNO; 6.76 6.90
H CHQOCH?CH=CHQ 010H21N04 6 . 39 6 B 25
H CH,O0CH,C:H; C1sHNO, 5.20 5.20
H CH,0CH; CisHaNO, 5.49 5.51
H CH,N(CHj,), CeHyN,O;  13.58 13.23
H CH2N(C2HB)2 ClleﬁNQOS 11.96 11.67
H CHzN(n-C3H7)g C13H3cN203 10.68 10.81
H CHQN(”L-C:JHQ)Z C15H34N203 9 . 65 9 . 71
H CHzN\__/O CuH.N,0, 11.24 11.22
H CH,O CiFeNaO;  11.37 11.39
CH,
/
H CH,N CiuHyN,O;  10.44 10.26
~
CeHs

Triptych-boroxazolidines of general structure.

/]QI\'/\KR]
5 LA
‘oy By B
0
The three methods applicable to the synthesis of triptych-

boroxazolidines are illustrated in the preparation of triptych-
boroxazolidine (triethanolamine borate) itself.
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TABLE III

3-SUBSTITUTED TRIPTYCH-BOROXAZOLIDINES

N R,
5. /R
ox;~o T
0]
X Recrystal- . . .
R Groups lization Boron, % Nitrogen, %
Ry R, MLP. Solvent? Formula Caled. Found Caled.  Found

H CH; 197-198° a CHiBNOs 6.33 6.20 8.19 8.18
H C.H; 144-1453° a CeH1sBNO; 5.91 5.93 7.65 7.79
H CH=CH, 155-156° t CsH1,BNOs 5.98 5.94 7.75 7.79
H CeH 228-229° a CieHisBNO; 4.64 4.72 6.01 6.27
CH; CH; 178-180° a-e CsH BN O; 5.91 5.97 7.65 7.65
H CH,OCH; 89-90° b-p CsHieBNO, 5.38 5.26 6.97 7.14
H CHzOCzHa 119—1200 b%p CQngBNO4 5.04 4.79 6.52 6.78
H CH,O0CH,CH=CH, 73-74.5° b—p CpHisBNO, 4.77 4.79 6.17 6.25
H CHgOCHgCGH5 108—‘110c b—p 014H20BNO4 3.90 3.90 a. 05 5.29
H CH,OC¢H; 184-186° b-d C1HisBNO, 4.11 4.35 5.33 5.23
H CH,N(CHs;). 152-153° b CeH;sBN0s 5.06 5.21 13.08 12.90
H CH2N(CQH5)2 136—1370 b—p CquaBNzOg 1.47 4.27 11.57 11.31
H CHzN(n-CsHﬂ:} 126“1270 b—p C13H27BN203 4.01 4.03 10.38 10.40
H CH,N(n-C.H,), 133-134° b—p C1:HyBN,O; 3.64 3.85 9.40 9.30

—
H CH,N \O 189-190° a-b CuHyBN0, 4.23 4.37 10.92 11.06

/
H C}'I?N\_/ 188-189° a CmHgaBNgOs 4.26 4.33 11.02 11.00

CH;

/
H CHgN\ 174-175° a~-b CrHBN-O; 3.92 3.98 10.14 10.30

~N

CeH;

¢ Abbreviations for recrystallization solvents: a—acetonitrile, b—benzene, d—dimethylformamide, e—ether, p—petroleum

ether (b.p. 63-69°), t—toluene.

(A) Boric actd method. A mixture of 31.0 g. (0.5 mole) of
horic acid and 75.0 g. (0.5 mole) of triethanolamine was dis-
solved, with heating, in 100 ml. of dry dimethylformamide.23
The water formed in the reaction was distilled off through a
short Vigreux column, and after ca. 75 ml. of distillate had
been collected (head temperature 148°) the solution was
cooled to room temperature. The solid fraction was removed
by filtration, washed with dimethylformamide, and dried to
vield 75.1 g. (96%) of colorless crystals, m.p. 238-239° (re-
ported” m.p. 236.5-237.5°).

(B) Boric ester method. A 14.9-g. (0.1 mole) sample of tri-
ethanolamine was added to 23.0 g. (0.1 mole) of tri-n-butyl
borate. The initially turbid solution warmed and became
clear and then deposited a solid. The butanol was removed
by distillation, and the residue was dried to yield 15.7 g.
(1009,) of colorless crystals, m.p. 235-236°.

(C) From trigcetyliriethanolamine. Triethanolamine was
converted to the triacetate with acetic anhydride in acetic
acid,?* and 13.8 g. (0.05 mole) of this product was treated
with 11.5 g. (0.05 mole) of tri-n-butyl borate containing 0.1
g. of sodium dissolved in 30 ml. of anhydrous n-butyl alco-
hol, The solution was refluxed for 1 hr., and the butanol and
buty! acetate were then removed under reduced pressure.
The residue was recrystallized from chloroform—petroleum
ether (b.p. 63-69°) to give colorless needles, m.p. 235-236°.
The triptych-boroxazolidines listed in Table 11T were pre-

(23) Technical grade dimethylformamide was dried over
calcium hydride and then distilled. The fraction with b.p.
150~151° was collected and stored over calcium hydride in
brown bottles.

(24) L. W. Jones and G. R. Burnd, J. Am. Chem. Soc.,
47,2066 (1925).

pared by the boric ester method, and the products were
purified by recrystallization, in many cases after prior dis-
tillation in a short path apparatus at 0.01 mm. or less.

trans-3,4-Tetramethylenetriptych-borozazolidine (V1). A3.0-
g. sample of cyclohexene oxide and 3.2 g. of diethanolamine
in 30 ml. of chloroform was refluxed for 48 hr. The product
consisted of 4.5 g. (74%,) of a colorless, very viscous liquid
which, upon boronation with tri-n-butyl borate gave VI in
quantitative yield. Recrystallization from toluene—petroleum
ether furnished colorless needles, m.p. 138-139°.

Anal. Caled. for C;;H;zsBNOy: B, 5.07; N, 6.64. Found:
B, 3.69; N, 6.67.

3,4~Dehydro-3,4-benzoiriptych-borozazolidine (VII). Boron-
ation of 4.9 g. of N,N-bis(2'-hydroxyethyl)-o-aminophenol!?
with 5.8 g. of tri-n-butyl borate yielded a brown oil. This
was extracted with boiling acetonitrile and the extract
evaporated on the steam bath. The resulting semisolid
residue was purified by distillation in a short path apparatus
to yield colorless erystals, m.p. 155-156°.

Anal. Caled. for C;oH,.BNO;: B, 5.28; N, 6.83. Found:
B, 5.21; N, 6.99.

3-Chloromethyltriptych-boroxazolidine (XIa). To a stirred
and cooled solution of 21.0 g. (0.2 mole) of diethanolamine
in 100 ml. of chloroform was slowly added 18.5 g. (0.2
mole) of epichlorchydrin in 50 ml. of chloroform. The mix-
ture was stirred overnight at room temperature, and the
solvent was then removed under vacuum to leave 39.6 g.
(1009,) of B-chloromethyltriethanolamine (Xa) as a vis-
cous, yellow oil. A qualitative test indicated the presence
of chloride ion (arising from quaternary compound), and
distillation at 0.001 mm. decomposed the material. Conse-
quently, it was used without purification and as soon as
possible in the next step which consisted in treating with an
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equimolar amount of triethyl borate. In a reaction em-
ploying 197.5 g. (1 mole) of crude Xa and 146 g. (1 mole)
of triethyl borate, the ethanol was slowly distilled through a
short column; when the head temperature reached 78°,
200 ml. of dry toluene was introduced and the distillation
continued until the head temperature reached 82°. The
resulting pale brown solution was cooled, and the white, crys-
talline product was removed by filtration, washed with dry
toluene and petroleum ether, and dried to yield 159 g.
(81%) of material, m.p. 149-153°, pure enough for subse-
quent reactions. Concentration of the mother liquor under
reduced pressure and extraction of the residue with hot
acetonitrile left a product which was dissolved in hot hen-
zene—petroleum ether (b.p. 33-58°). When this solution was
cooled, an additional 24 g. of product was isolated, m.p.
150-153°, bringing the total yield to 171 g. (939). An
analytical sample was prepared by several recrystallizations
from benzene-petroleum ether (b.p. 33-58°) and obtained
as colorless needles, m.p. 153-155°,

Anal. Caled. for C;H;3BCINO;: B, 5.18; N, 6.70. Found:
B,5.28 N, 7.04.

3-Hydrozymethyltriptych-borozazolidine (XIb). A solution
of 22.1 g. (0.2 mole) of glycerine-a-chlorohydrin?® and 42.0
g. (0.2 mole) of diethanolamine in 100 ml. of ethanol
was refluxed for 4 hr. The solvent was removed under reduced
pressure, and the residue was dissolved in water and passed
through an Amberlite IRA-400 column in the hydroxy form.
The eluate was evaporated under reduced pressure and the
residue was distilled in a short path apparatus to yield 22.8
g. (63%) of a viscous, colorless liquid, b.p. 185-205° (3
mm.). A center cut was taken for analysis:

Anal. Caled. for C;H;7NO,: N, 7.81. Found: N, 7.88.

The tetraacetate was prepared by dissolving 2.0 g. of
8-hydroxymethyltriethanolamine (Xb) in 10 ml. of acetic
acid and 10 ml. of acetic anhydride and refluxing for 1 hr.
The product was purified by distillation in a short path ap-
paratus and obtained as a colorless, mobile liquid, b.p.
160-165° (0.5 mm. ).

Anal. Caled. for CisHysNOg: N, 4.03. Found: N, 4.00.
Addition of 8.7 g. of Xb to tri-n-butyl borate gave 9.2 g.
(1009) of a glassy solid which crystallized after standing at
room temperature for 3 months. Trituration with benzene—
petroleum ether—acetonitrile removed a small amount of an
oily impurity and left colorless crystals which did not have
a sharp melting point but sintered over a rather wide range.

Anal. Caled. for C;H.,BNOy: B, 5.68; N, 7.34. Found:
B, 5.71; N, 7.40.

3-Aminomethyltriptych-borozazolidine (XIc). (A) From
Ethyl N-Allylcarbamate (X1I). A solution of 25.8 g. (0.2
mole) of ethyl N-allylcarbamate in 200 ml. of methylene
chloride was oxidized with peroxytrifluoroacetic acid ob-
tained from 8.2 ml. of 909, hydrogen peroxide (0.3 mole)
and 61 ml. of trifluoroacetic anhydride in 50 ml. of methylene
chloride.2¢ The crude product was distilled through a short
Vigreux column to give 22.7 g. (78%) of a colorless liquid,
b.p. 95.5-96° (2 mm. ).

Anal. Caled. for CsH,1NO;: Epoxide oxygen, 11.02. Found:
Epoxide oxygen, 11.00. A 19.3-g. sample (0.133 mole) of the
product described above was dissolved in 50 ml. of chloro-
form and treated with 13.9 g. (0.133 mole) of diethanolamine.
The crude product, 33.2 g. (1009;,), could not be distilled
without decomposition and was used without further puri-
fication. A solution of 23.0 g. (0.092 mole) of this material
in 50 ml. of 209, hydrochloric acid was refluxed for 4 hr.,
the solvent and excess acid were removed under reduced
pressure, and the residue was dissolved in 100 ml. of water
and passed through an Amberlite IRA-400 column in the
hydroxyl form. Evaporation of the eluate left a residue
which was distilled in a short path apparatus to yield 16.1 g,

(25) T. H. Ryder and A. J. Hill, J. Am. Chem. Soc., 52,
1521 (1930).

(26) W.D. Emmons and A. 8. Pagano, J. Am. Chem. Soc.,
77, 89 (1955).
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(98%) of B-aminomethyltriethanolamine (Xc). Boronation of
8.9 g. of Xe¢ with 10.7 g. of tri-n-butyl borate vielded 9.3 g.
(1009%) of a thick, yellow oil Distillation at 185-195° (0.1
mm.) gave a colorless oil which partially solidified after long
standing at room temperature. Recrystallization from ben-
zene—acetonitrile-petroleumether (b.p. 63-69°) gave colorless
crystals, m.p 60-66°, and it is this material that is com-
pared (¢f. below) with subsequent preparations. However,
a  second recrystallization from chloroform-petroleum
ether (b.p. 63-69°) caused a sharp elevation in melting
point to 115-116°, presumably another ervstalline modi-
fication.

Anal. Caled. for C;H;:BN,O;: B, 5.70; N, 14.75. Found:
B, 5.59; N, 14.87.

(B) From benzyl N-allylcarbamate (XIIb). A 16.5 g. (0.1
mole) sample of XIIb, prepared from allylamine and carbo-
benzyloxychloride, was epoxidized with peroxytrifluoro-
acetic acid? to yield 10.0 g. (569%) of a colorless oil, b.p.
150-151° (0.5 mm.).

Anal. Caled. for CnHi:NO;: Epoxide oxygen, 7.72. Found:
Epoxide oxygen, 7.88. Treatment of 4.1 g. ¢0.02 mole) of
this material with 2.1 g. (0.02 mole) of diethanolamine
yielded 6.2 g. (1009%) of B-carbobenzyloxyamidomethyltri-
ethanolamine, a 5.6-g. sample of which was treated with 4.2
g. of tri-n-butyl borate. The resulting product was recrys-
tallized from acetonitrile to give 4.0 g. (689) of 3-carbo-
benzyloxyamidomethyltriptych-boroxazolidine (XId), m.p.
143-144°,

Anal. Caled. for C;H»BN,:Os: B, 3.38 Found: B, 3.56.
The 3-aminomethyl compound (XIc) was prepared from XId
by dissolving 3.3 g. of the latter in 30 ml. of dry dimethyl-
formamide, adding 109, palladium on charcoal catalyst, and
hydrogenolyzing for 55 hr. when 909, of the calculated
volume of hydrogen had been absorbed. The product was
worked up to give 1.8 g. (100%) of colorless crystals, m.p.
63~65°, which did not depress the melting point when ad-
mixed with a sample prepared by method A described
above.

(C) From B-chloromethyliriethanolamine (Xa). A solution
of crude Xa, prepared as described above from 105 g. of
diethanolamine and 94 g. of epichlorohydrin, in 200 ml. of
chloroform was added with stirring over a period of 8 hr. to
1 L. of coned. ammonia heated at 60°. After stirring and
heating overnight the product was worked up to give 109
g. (62%) of oil, b.p. 195-200° (0.01 mm.).

Anal. Caled. for C/H;sN,0y: N, 15.72. Found: N, 15.48.
The tetraacetyl derivative of Xc¢ was obtained as a slightly
vellow oil, b.p. 175-180° (0.1 mm.).

Anal. Caled. for CisHasN201: Nieie, 4.04. Found: Nypgsie,
3.91. Treatment of X¢ with tri-n-butyl borate vielded XIc as
colorless crystals, m.p. 63-65°, showing no depression in
melting point when admixed with material prepared by
methods A or B.

3-Cyanomethyliriptych-borozazolidine (XIe). A solution of
0.2 mole of g-chloromethyltriethanolamine (Xa) in 80 ml. of
methanol was cooled in an ice bath and treated, with stir-
ring, with 13 g. (0.2 mole) of potassium cyanide dissolved
in a small amount of water, the temperature during the addi-
tion being maintained at 10-12°, The solution was allowed
to stand at room temperature for 24 hr., and the small
amount of solid that had formed was removed by filtration.
The filtrate was evaporated, triturated with ethanol, and
filtered and evaporated again, and the residue was then
treated with tri-n-butyl borate and n-butyl alcohol until a
clear solution resulted. Removal of the n-butyl alcohol by
distillation left a brown crystalline material which was dis-
solved in boiling acetonitrile, treated with decolorizing char-
coal, and diluted with benzene to cloudiness. Upon chilling
in an ice bath the impurities first separated as a black cake
adhering to the walls of the flask. Decantation and further
cooling then furnished the product as 14.5 g. of colorless
crystals, m.p. 149-153°. Recrystallization from benzene—
acetonitrile-ether gave colorless needles; m.p. 155-156°
pEBr 2247 cm. ~! (nitrile).
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Anal. Caled. for CsHy;3BNO;5: B, 5.41; Nyasie, 7.00. Found:
B, 5.52; Nasic, 7.18.

2-Hydroxymethyl-4-(2'-hydroxyethylymorpholine (XV). An
ethanol solution of g-chloromethyltriethanolamine (Xa)
prepared from 19.5 g. of epichlorohydrin and 21 g. of di-
ethanolamine, was treated with 13.5 g. of sodium ethoxide
in 150 ml. of ethanol. After stirring for 1 hr. and standing
overnight at room temperature, the solvent was removed and
the residue was distilled from the solid products to yield 12.3
g. of a colorless, viscous liquid, h.p. 145-147° (2 mm.).

Anal. Caled. for C;H;zNO;: N, 8.60. Found: N, 8.82.

The diacetate of 2-hydroxymethyl-4-(2' hydroxyethyl)
morpholine was obtained as a colorless oil, b.p. 120-122°
(0.8 mm.).

Anal. Caled. for C;yHyNO;s: N, 5.71. Found: N, 5.55.

Reactions of triptych-boroxazolidines. Bromination of 8-
venyltriptych-boroxazolidine (Ve). An 18.1-g. (0.1 mole)
sample of Ve was dissolved in 100 ml. of chloroform, cooled
in an ice bath, and treated with a solution of 16.0 g. (0.1
mole) of bromine in chloroform. After 2 hr. standing at
room temperature 3-(1/,2’-dibromoethyDtriptych-boroxa-
zolidine was isolated as 34.4 g. (1009) of a white powder,
analytically pure but without a definite melting point.

Anal. Caled. for C;H.BBrsNO;: B, 3.16; N, 4.08. Found:
B, 3.16; N, 4.02.

Sodium methoxide and 3-chloromethyliriptych-boroxazolidine
(XTIa). A mixture of 1.97 g. (0.01 mole) of XIa and 0.54 g.
(0.01 mole) of sodium methoxide in xylene yielded, after
refluxing for 5 hr., 1.56 g. of recovered starting material. A
similar experiment with magnesium methoxide yielded the
same result. However, when a 1.97-g. (0.01 mole) sample of
XTIa was refluxed with 0.54 g. (0.01 mole) of sodium meth-
oxide in 25 ml. of methanol, sodium chloride precipitated
and the product was shown to consist of 2-hydroxymethyl-4-
(2’-hydroxyethyl )morpholine (XV) and a very small amount
of 2-methoxymethyltriptych-boroxazolidine (VIIIa). A
similar experiment employing 4 moles of sodium ethoxide
to 1 mole of XIa in ethanol yielded 659 of 2-ethoxymethyl-
triptych-boroxazolidine (VIIIb) as a colorless solid, m.p.
115-117°, showing no depression in melting point when ad-
mixed with VIIIb prepared as described above.

Potassium phthalimide and 3-chloromethyliriptych-boroxzazo-
lidine (XIa}. A mixture of 3.9 g. of XIa, 2.7 g. of potassium
phthalimide, and 50 ml. of dimethylformamide was heated
to reflux. From the turbid solution a white solid slowly pre-
cipitated. After 3 hr. of refluxing, the mixture was cooled,
the precipitate was removed by filtration, and the filtrate
was evaporated to leave a residue which ecrystallized on
standing, m.p. 252-260°. Recrystallization from acetonitrile-
benzene gave 5.1 g. (819) of colorless needles, m.p. 258-259°,
identical with the material prepared from phthalimido-
methyltriethanolamine and tri-n-butyl borate (XVIa)
The latter material, after recrystallization and distillation in
a short path apparatus, melted at 263-264°.

Anal. Caled. for C;;Hi;BN:O;: B, 3.42; N, 4.43. Found:
B, 3 44;N, 4.55.

Sodium acetate and 3-chloromethyliriptych-borozazolidine
(XIa). A mixture of 7.5 g. of anhydrous sodium acetate,
9.7 g. of XIa, and 50 ml. of dry dimethylformamide was
heated with stirring at 120-130° for 4 hr. The cooled mix-
ture was separated from solid material by centrifugation,
and the supernatant was evaporated to leave a brown resi-
due. This was dissolved in benzene, filtered, and diluted with
petroleum ether whereupon erystals slowly formed, m.p.
92-96°. Distillation and further recrystallization produced
a colorless, rather hygroscopic waxy solid; m.p 128-130°,
7KBr 1742 cm. ™ (ester), 1250 cm.! (acetate). The hygro-
scopicity of the material precluded the obtention of significant
analytical data.

Sodium hydride and 3-chloromethyliriptych-borozazolidine
(XIa). A slurry of 1.2 g. of 509, sodium hydride in mineral
oil in dry dimethylformamide was added to a solution of
5 g of XIs in dimethylformamide. Gas was evolved, sodium
hydride was consumed, and sodium chloride deposited. After
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heating at 90-110° for 2 hr., the mixture was worked up
to give a glassy residue which after trituration with boiling
benzene left a white powder, softening at 150° and decom-
posing above 200°; 5%Br strong flat band 1100-1000 cm."!

Anal. Caled. for C;H;;:BNO;: N, 8.69. Found: N, 8.36.

Benzoyl chloride and 3-aminomethyliriptych-boroxazolidine
(XIe). A solution of 3.7 g. of XIc in chloroform was treated
with 3 ml. of triethylamine followed, with cooling, by 2.8
g. of benzoyl chloride in 10 ml. of chloroform, added drop-
wise and with stirring. The product was a gum which, after
failing to crystallize on long standing, was extracted into
boiling benzene. The benzene solution was diluted with
petroleum ether to cloudiness and crystals separated very
slowly to give 2.0 g. (359,) of XVIc as a colorless solid; m.p.
145-146°, 5KBr 3251 em. ™ (amide N—H), 1642 em. ! (car-
bonyl), 1529 em. 1 (secondary amide).

Anal. Caled. for Ci3HysBN:O4: B, 3.77; Nuasic, 4.88. Found:
B, 3.89; Niasic, 5.01.

Phenylisocyanate and 3-aminomethyliriptych-boroxazolidine
(XIc). The urea derivative XVId was obtained from XIe
and phenylisccvanate as an oil which crystallized after
several weeks at room temperature. Recrystallization from
dioxane-dimethylformamide gave a 759 yield of colorless
crystals, m.p. 205°.

Anal. Caled. for CiHaBN304: Nipasic, 4.59. Found: Niasic
4.64.

Phenylisothiocyanate and 3-aminomethyliriptych-boroxazo-
lidine (XIc). The thiourea derivative XVIe was obtained
from XIc and phenylisothiocyanate as an immediately erys-
tallizing compound which, after recrystallization from di-
oxane—petroleum ether (b.p. 63-69°), was obtained as color-
less erystals, m.p. 195-196°.

Anal. Caled. for CMHQQBNsossi B, 337, Nbasic; 4,48,
Found: B, 3.36; Npasic, 4.36.

Phthalic anhydride and 3-aminomethyliriptych-boroxazoli-
dine (XIc). To a solution of 3.7 g. of XIe in chloroform was
added 3 g. of phthalic anhydride. An exothermic reaction
took place, and a gummy precipitate separated. This was
filtered and the filtrate was diluted with petroleum ether
(b.p. 33-58°) to give 6.6 g. (1009,) of a white powder,
m.p. 146-148°, presumed to be the half amide XVIg.

Anal. Caled. for C;;HsBN:Qs: B, 3.24; N, 4.19. Found:
B,2.71; N, 4.48.

When a 0.066-g. sample of XVIg was heated at 200°,
it lost water and yielded 0.058 g. of colorless needles, m.p.
263-264°, identical with XVIa obtained as described above.

Succinic anhydride and 3-aminomethyliriptych-boroxazoli-
dine (XIc). In a fashion similar to that used with phthalic
anhydride, XIc was converted to XVIf, m.p. 156-158°,

Anal. Caled. for C;;HsBN:Og: B, 3.79; Nyosie 4.90. Found:
B, 3.39; Nbasic 4.81.

prL-Phthalimidoglutamic acid anhydride and 3-aminometh-
yltriptych-boroxazolidine (XIc). The reaction of 5.6 g. of
XIc with 7.8 g. of pr-phthalimidoglutamic acid anhydride
in chloroform yielded a gum which slowly crystallized to
13.4 g. (1009;) of XVIIa as a colorless solid, m.p. 48-50°.
Attempted recrystallization led to decomposition.

Anal. Caled. for CoHyBN30s: B, 2.43; Nyaeie 3.15. Found:
B, 233, Nbasic; 428

L-Carbobenzyloryglutamic acid anhydride and 3-amino-
methyltriptych-borozazolidine (XIc). A solution of 5.6 g.
of XIec and 7.9 g. of carbobenzyloxyglutamic acid anhydride
in chloroform was allowed to stand at room temperature for
several hours and was then diluted with petroleum ether
(b.p. 63-69°) causing the precipitation of 13.4 g. (1009%) of
XVTIIb as a gum which crystallized after separation from the
solvent, m.p. 84-94°. Purification by recrystallization was
not attempted.

Anal. Caled. for CyoHysBN3Os: B, 2.41; Nyasic, 3.93. Found:
B, 2.21; Nbasic, 3.90.

A 4.5-g. sample of XVIIb was dissolved in dry dimethyl-
formamide and hydrogenolyzed in the presence of 109
palladium on charcoal. After 4 days the uptake was 220 ml.
(caleulated 240 ml.), and the produet was isolated by re-
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moval of the catalyst and the addition of benzene to the
filtrate. The material that separated consisted of colorless,
fine needles that were so hygroscopic that no significant
analytical data for boron and nitrogen could be obtained;
m.p. 48-50°, 7XBr 3125 ecm.~! (NH;*), 1661 cm.™! (amino
acid band-I), 1626 c¢m.~! (amide carbonyl), 1558 cm,~!
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(COs™), 1543 em.™! (amide-II band), 1493 cm.~! (amino
acid band-1I), triptych pattern 1200-950 cm. ~! The material
gave positive tests for boron and for an amino acid (nin-
hydrin).

St. Louis, Mo.

[CoNTRIBUTION FROM THE NATIONAL INSTITUTE OF ARTHRITIS AND METABOLIC DIisEASES, NATIONAL INSTITUTES OF HEALTH,
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Structures Related to Morphine. XIV.! 2’-Hydroxy-5-methyl-2-phenethyl-
6,7-benzomorphan, the 9-Demethyl Analog of NIH 7519 (Phenazocine) from
3,4-Dihydro-7-methoxy-2(1H)naphthalenone

JAMES G. MURPHY, J. HARRISON AGER, axp EVERETTE L. MAY
Recelved March 2, 1960

3,4-Dihydro-7-methoxy-2(1H)naphthalenone has been converted to 2’-methoxy-2,5-dimethyl-9-0x0-6,7-benzomorphan
methobromide (V), an interesting intermediate for the synthesis of neuropharmacologic agents. Pyrolysis of V gives a mix-
ture of the base VII and the «,8-unsaturated ketone (VI). Compound VII, readily convertible to the 9-demethyl analog
(VIII) of phenazocine (XI) is characterized by its avidity for water or alecohol with simultaneous disappearance of infrared

carbonyl absorption in the presence of acids. The N-phenethyl compound (VIII) is an effective analgesic in mice.

As reported previously,? 2’-hydroxy-5,9-di-
methyl-2-phenethyl-6,7-benzomorphan (XI) is a
promising agent for the relief of human pain.
Of interest, therefore, was the 9-demethyl analog
(VIII) of XI, despite the fact that the related
2’-hydroxy-2,5-dimethyl-6,7-benzomorphan (IX)?
is only one third as effective in mice as the 9-
methyl homolog (XII),%¢ the corresponding rela-
tive of XI.

The most feasible route to VIII appeared to be
via the N-methyl compound IX which hitherto
has been prepared either from ~-picoline meth-
iodide in low yield® or from phenylacetonitrile in
a lengthy sequence.®® Still another possible ap-
proach to IX would involve the intermediate
bicyclic ketone methobromide (V) which was
needed for other investigations as well. The synthe-
sis of V from 3,4-dihydro-7-methoxy-2-(1H)naph-
thalenone (I) as shown in Fig. 1 was achieved with-
out particular difficulty.

Methylation of I by the method of Stork®
gave the l-methyl compound (II) in 809, yield.
Dimethylaminoethylation (sodamide, benzene) of
IT and bromination of the hydrobromide salt of
the resultant III yielded IV hydrobromide which,
when neutralized with ammonia, cyclized rapidly

(1) Paper XIII, J. H. Ager and E. L. May, J. Org. Chem.,
25, 984 (1960).

(2) E. L. May and N. B. Eddy, J. Org. Chem., 24, 1435
(1959)

(3) N. B. Eddy, J. G. Murphy, and E. L. May, J. Org.
Chem., 22 1370 (1957

(4) E. L. May and J. H. Ager, J. Org. Chem., 24, 1432
(1959).

(56) E. L. May and J. G. Murphy, J. Org. Chem., 20,
257 (1958).

(8) G. Stork, R. Terrell, and J.
Chem. Soc., 76, 2029 (1954).
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to the quaternary compound V. Pyrolysis of V by
dry distillation in a high vacuum led principally
to tar, the only identifiable product being the
a,f-unsaturated ketone VI. However, if the py-
rolysis were effected in boiling 1-octanol a 409,
yield of the desired base VII could be obtained
along with about 159, of VI. The use of either
boiling 1-heptanol or 1-hexanol reversed this ratio,
giving about 409, of VI and never more than 209
of VII. Hydrogenation of VI (palladium-barium
sulfate), the ultraviolet and infrared absorption
curves of which were consistent with the structure



