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A preparative method is proposed for the synthesis of 2,3,4,5-tetrahydro-1,5-benzothiaze-
pine by reductive ring expansion of 4-chromanone and 4-thiochromanone oximes. These
compounds were converted to the corresponding N-amino derivatives, which, like aryl-
hydrazines in the Fischer reaction, give new condensed indole systems. The reduction of
the oxime (and its tosylate) of 5-0x0-2,3,4,5-tetrahydro-1-benzoxepine was investigated.

Arenoheterocyclenes of the 2,3,4,5-tetrahydro-1,5-benzoxazepine type are relatively difficult-to-ob-
tain and little-investigated compounds.

2,3,4,5-Tetrahydro-1,5-benzoxazepine (I) and 2,3,4,5-tetrahydro-1,5-benzothiazepine (II) are obtained
in low yields by reaction of o-aminophenol and 2-mercaptoaniline with 1,3-dihalopropanes [1, 2] or by re-
duction of chromanone and thiochromanone oximes with lithium aluminum hydride [3, 4]. The well-known
method for the synthesis of I, which is based on the reduction of 2,3,4,5-tetrahydro-1,5-benzoxazepin-4-one
with lithium aluminum hydride, is limited by the fact that the starting lactam [3, 5, 6] is difficult to obtain.

In the present research we investigated the reduction of 4-chromanone and 4-thiochromanone oximes
with LiAlH,-AlCl3 (1:4) taking into account the fact that the application of the indicated reagent for the re-
duction of other oximes of aliphatic aromatic ketones raised the yields of products of reductive rearrange-
ment considerably [7, 8]. In fact, it was found that the rearrangement occurred practically completely [only
traces of primary amines are detected by thin-layer chromatography (TLC)]. This method for the synthe-
sis of I and II can undoubtedly be extended to various substituted oximes of 4-chromanone and its analogs
that are capable of reductive rearrangement (for example, see [9, 10]). Inasmuch as the mechanism of the
reductive rearrangement has not been ascertained definitively [4], the accumulation of experimental data,
particularly on the effect of substituents in the aromatic portion of the ketoxime and the ring size of the
oximine fragment of the molecule on the relative yields of the products of competitive reactions — normal
and anomalous reduction — is desirable. It has been noted [3, 8] that 1-indanone oxime is less inclined to
undergo rearrangement under the influence of LiAlH, than 1-tetralone oxime, whereas 1-benzosuberone
oxime differs little in this respect from its six-membered homolog [8]. However, it is known [3, 9] that
the transition from 4-thiochromanone to 5-homothiochromanone is accompanied by a sharp decrease in the
relative rate of the anomalous reaction:* the yields of primary and secondary amines are 27 and 43%, re-
spectively, in the first case, as compared with 74 and 0% in the second case. The effect of the ring size of
the corresponding oxygen analogs has not been studied: data on the redution of 5-ox0-2,3,4,5-tetrahydro-
1-benzoxepine (III) were not available. We filled this gap. It was ascertained that oxime III reacts with

*We satisfied ourselves that the use of 1 mole of LiAlH, rather than 3 moles does not change the ratio of
the reaction products.
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LiAlH, to give a mixture of a secondary amine — 2H-38,4,5,6~tetrahydro-1,6~benzoxazocine — and 5-
amino~2,3,4,5-tetrahydro-%-benzoxepine (V) in relative yields of 34 and 66%, respectively. Conse-
quently, oxime IIl is more inclined to undergo reductive rearrangement than its sulfur analog, but

in this case the oxime of the seven-membered ketone is converted to a ring-expansion product in
lower relative yield, inasmuch as the secondary and primary amines are formed in a ratio of 63 and
27% in the reduction of 4-chromanone oximes [3]. The use of a mixture of LiAlH, and AICI, for the
reduction of oxime III changes the direction of the reaction in favor of the secondary amine (94%
amine IV and 6% amine V). It has been found [4] that it is better to use oxime tosylates to obtained sec-
ondary amines. This method proved to be successful in the case of the oxime of III; the relative yields of
amines IV and V were 97 and 3%, respectively. Secondary amine IV is formed entirely free of the primary
amine by reduction of the tosylate of oxime III with LiAlH,~AlCl;. Pure IV was isolated in 43% yield in a
preparative experiment. It might have been concluded that in the series of oximes of oxygen and sulfur ben-
zoheterocyclenes the latter differ by their lower relative ease of rearrangement. With allowance for the
proposed mechanism of the reduction of oximes of similar ketones [4], this difference is apparently deter-
mined by the greater electron-donor capacity of the alkoxy group as compared with the thioether group (for
example, see [11]). On the other hand, a decrease in the tendency to undergo rearrangement is observed

on passing from the six-membered alicycle to the seven-membered alicycle (however, the products of the
rearrangement contain seven- and eight-membered rings, respectively), and this is in poor agreement with
the relationship discovered for the Beckmann rearrangement of 1-benzocyclene oximes. In addition, it is
also probably necessary to take into account the high degree of folding of the sulfur-containing saturated
heterocycles and the associated conformational peculiarities [13]. We used I and II, which have become
quite accessible, for the synthesis of hydrazines and condensed indoles from them. 2,3,4,5-Tetrahydro-5-
amino-1,5-benzoxazepine (VI) and its analog — a hydrazine with a benzothiazepine structure (VII) — were ob-
tained by nitrosation of I and II and reduction of the nitroso derivatives (VIII, IX).

NO NH,
N ‘ N %
N -
Q3 = Q03 o QI3 oo
CH,COOH > + 3
x’ x> 3 x~ (1)
L VUL IX VI, VH

LV viE X=0; I,V IX0 X=8§

Methyl ethyl ketone, cyclohexanone, tetrahydro-4-thiopyrone, 4-piperidone, and 1-methyl-4-piper-
idone served as the ketone components in the Fischer reaction. The cyclization was carried out by reflux-
ing solutions of the components in absolute alcohol (with the hydrazine in the form of the hydrochloride),
without the addition of acid, in the presence of hydrogen chloride or ethylsulfuric acid. As a result, we ob-
tained new polycondensed indole systems (X-XVII, see Table 1). The synthesis of condensed indoles on the
basis of hydrazines of the 1-aminoindoline type was previously proposed in [14].

EXPERIMENTAL

The UV spectra of alcohol solutions of the compounds (¢ =1074-10"2 M) were recorded with an SF-4
spectrophotometer, The IR spectra were obtained with a UR-10 spectrometer. The PMR spectra were re-
corded with a Varian T-60 spectrometer on the § scale,

The purity of the compounds obtained was monitored by means of thin-layer chromatography (TLC)
on Al,O; (alkaline form); in the reduction of the oximes, the starting ketones, ketoximes, and the resulting
amines were identified by comparison with authentic substances.

2,3,4,5-Tetrahydro-1,5-benzoxazepine (I). A 32.5-g (0.24 mole) sample of anhydrous AICl; and a sus-
pension of 2.33 g (0.061 mole) of LiAlH, in 80 ml of ether were added successively in small portions with
cooling to 200 ml of absolute ether, after which the mixture was stirred for 1.5 h. A solution of 10 g (0.061
mole) of 4-chromanone oxime in 100 ml of ether was added, and the mixture was refluxed for 9 h. It was
then decomposed, initially with moist ether and then with water until the resulting solid dissolved. The
aqueous solution was separated, washed with ether (the ether extract contained the neutral product and a
small amount of the starting oxime), made alkaline with 10% potassium hydroxide solution, and extracted
with ether. The extract was dried with magnesium sulfate and evaporated to give 5.5 g (60.2%) of I (con-
taining traces of primary amine) with mp 51-53° (from petroleum ether) (mp 53-54° [4]) and Ry 0.73 (activ-
ity IV Al,04, chloroform). According to [4], authentic 4-aminochroman has Ry 0.26.

2,3,4,5-Tetrahydro-1,5-benzothiazepine (II) Hydrochloride. This compound was similarly obtained
from 0.15 mole of 4-thicchromanone oxime, 0.15 mole of LiAlH,, and 0.6 mole of AlCl; with subsequent
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TABLE 1. Condensed Indoles (X-XVII)

¥=
g Found, % Calc., %
o
=] L o Empirical <
§ X R+R! :g' mp, °C formula :.
g E C/H|N| S{C{H|N| si¥g
3 3 5
b ! !
X{02 B |78—79(from | C,H,,NO 177.77.9] 70| [77675| 69/ 60
hexane . |
X1|O | (CHy), B |88—s9(from | C;H,NO  [79.4/76| 6,3] [79.37.5| 62| |65
|absolute
alcohol) 1
XIS |(CHy), Aj104—105,5 CisHi;NS 74,3 7,2} 5,8!13,4174,0/7,0| 5,8/13,2{66
(from ‘
heptane) |
X111} S |CH,N (CH;) CH,CH,| Al84—85(from CisH sN,SC 69,7 6,9,10,8 13,0 69,5 7,0110,8i12,4 139
heptane -
benzene)
XIV{O |CH,N(CH;)CH,CH,A 25()—2)51(1’1'0!1'1 C,ﬂlniN?Od- 64,2|6,8 10,0 64,4i6,9 10,0 58
water - HC
XV} S |CH,SCH,CH, c &}5—14&),5 CiHisNS,© 64358/ 53245643 58] 5,324,582
Tom
benzene) ‘ l l
XVI|O {CH,SCH,CH, Bi143—144 CuH;5NO 68,4,6,2| 6,0 12,7,68,66,2| 57 l3.0i58
XVII| § |CH,NHCH.CH. C 1278 (dec.. Ci4HgN,S* - 159,5.6,0 10,1111,8 59,8 6,1;10,0,11.4 56
from aqueous ;. - HCl ‘ I ‘
alcohol) !

4R =R'=CH,. DIR spectrum (in mineral oil), cm-!: 1615, 1590, and
1570. CUV spectrum, X5y (log £), nm: 232 (4.42), 258 (4.1), and
300 (3.9); IR spectrum (in mineral oil), em~% 1610 and 1580. 9Found:
Cl 12.4%. Calculated: Cl 12.7%. ©IR spectrum (in mineral oil), cm~1:
1600 and 1570. fFound: Cl 12.6%. Calculated: C1 12.6%.

treatment of base II with a solution of hydrogen chloride in ether. The yield of product with mp 202-204°
(from isopropyl alcohol) (mp 205.5-207° [3]) was 17.2 g (80.5%).

5-0x0-2,3,4,5-tetrahydro-1-benzoxepine Oxime Tosylate (III). A mixture of 0.85 g (5 mmole) of ox-
ime III and 1.04 g (5.5 mmole) of p-toluenesulfonyl chloride in 4 ml of pyridine was allowed to stand for
5 h, after which it was poured into 20 ml of water and 6 ml of concentrated HCI. The acid mixture was al-
lowed to stand in a refrigerator for ~ 16 h, and the resulting crystals were removed by filtration and
washed with water and petroleum ether to give 1.3 g (82%) of the tosylate with mp 88.5° (dec., from abso-
lute alecohol). Found: C 62.1; H5.1; N 4.3; 8 9.6%. Cy;H{;NO,S. Calculated: C 61.6; H5.2; N 4.2; S 9.7%.

2H-3,4,5,6-Tetrahydro-1,6-benzoxazocine (IV) Hydrochloride. A 3.31-g (0.01 mole) sample of oxime
tosylate Il was added in portions to a prepared solution (0.04 mole of AlCl; and 0.01 mole of LiAlH,) in 160
ml of ether, and the resulting mixture was refluxed for 9 h. It was then decomposed with 20 ml of moist
ether, 20 ml of water, and 40 ml of 20% sodium hydroxide solution and extracted with ether. The ether so-
lutions were extracted with 10% HCI solution, and the aqueous solutions were vacuum evaporated to dry-
ness. The residue was crystallized from absolute alcohol ~ether to give 0.186 g (43%) of the hydrochloride
of IV with mp 240° (dec.) and Ry 0.9 {activity VI Al,O;, benzene ~chloroform (10:1)]. Found: C 60.3; H7.1;
Cl 17.7; N 7.2%. CyH;3sNO-HCl. Calculated: C 60.1; H 7.1; Cl 17.7; N 7.0%. PMR spectrum of base IV (in
CCly): 1.62 (m, 4H, CCH,CH,C) 3.50 (m, 3H, NH, and NCH,), 4.05 (m, 2H, OCH,), and 6.55 ppm (m, 4H,
CeHy. For proof of the structure of amine IV, ketone HOI was converted by the Schmidt reaction [15] to 2H-
3,4,5,6-tetrahydro-1,6-benzoxazocin-5-one (which we also obtained by Beckmann rearrangement of oxime
IIT) and reduced with LiAlH, to IV [15], which was characterized in the form of the hydrochloride.

5-Amino-2,3,4,5-tetrahydro-1-benzoxepine (V). A solution of 2.66 g (0.15 mole) of oxime II in 200
ml of ether was added to 0.57 g (0.015 mole) of LiAlH, in 25 ml of ether, and the mixture was refluxed for
9 h. It was then decomposed with 20 m! of moist ether, 20 ml of water, and 20 ml of 20% sodium hydroxide
solution and extracted with ether. The ether extracts were extracted with 10% HCI solution, and the hydro-
chloric acid solutions were vacuum evaporated. The residue (a2 mixture of the hydrochlorides of IV and V)
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was dissolved in 10 ml! of water, and the resulting solution (solution A) was filtered. The filtrate was made
alkaline to pH 2 with saturated NaHCOj; solution, 5 ml of acetate buffer was added, and the mixture was ex-
tracted with ether to give 0.16 g of secondary amine IV, Sodium carbonate was added to pH 8 to the aqueous
solution, and the alkaline mixture was extracted successively with ether and ethyl acetate. The combined
extracts were evaporated, and the residual oil was dissolved in ether. The hydrochloride was precipitated
by the addition of an ether solution of hydrogen chloride and crystallized from absolute alcohol —ether to
give 0.8 g (33%) of the hydrochloride of V with mp 260° (dec.) and Rf 0.2. Found: C 60.1; H 7.1; Cl 17.7;

N 7.3%. C;H;sNO-HCL. Calculated: C 60.1; H 7.1; Cl 17.7; N 7.3%. PMR spectrum of base V (in CCl,):
1.8 (m, 6H, NH, and CCH,CH,C), 4.05 (m, 3H, 5-H and OCH,) and 7.05 ppm (m, 4H, C;H,). For the deter-
mination of the relative yields of amines IV and V, an aliquot of solution A containing the mixture of hydro-
chlorides was made alkaline, and the bases were extracted and analyzed by PMR spectroscopy in CD;COOD
solutions; the basis of this analysis is the fact that the 5-H signal of V appears separately at 4.8 ppm (mon-
itoring with respect to a genuine sample).

2,3,4,5-Tetrahydro-5-nitroso-1,5-benzothiazepine (IX). A total of 6.35 g (0.0925 mole) of a concen-
trated solution of sodium nitrite was added gradually at 0° to 12.2 g(0.074 mole) of IT in 65 m1 of 15% sulfuric
acid, and the mixture was stirred for 30 min. The resulting precipitate was separated to give 13.2 g (92%)
of nitrosoamine IX with mp 85-87° (from 2-propanol). Found: C 56.1; H 5.2; N 14.4; S 16.6%. CgH(N,0S.
Calculated: C 55.7; H5.2; N 14.4; S 16.5%.

2,3,4,5-Tetrahydro-5-amino-1,5-benzothiazepine (VII) Hydrochloride. A 31.5-ml sample of glacial
acetic acid was added dropwise to a mixture of 12 g (0.062 mole) of IX and 31.5 g (0.75 g-atom) of zinc dust
in 140 ml of methanol at 14-16°, after which the mixture was stirred at 14-16° for 3 h and at 20° for 16 h.
The solution was separated, vacuum evaporated to 80 ml, made strongly alkaline, and extracted with ether,
The ether solution was dried with magnesium sulfate and treated with hydrogen chloride to precipitate 11.6
g (83.7%) of hydrochloride VII with mp 190-191° (from alcohol). Found: C 49.8; H 6.1; Cl 16.3; N 12.9; S
14.7%. CgHpN,S-HCL. Calculated: C 49.9; H 6.0; Cl 16.4; N 12.9; S 14.8%.

2.3,4,5-Tetrahydro-5-amino-1,5-benzoxazepine (VI) Hydrochloride. The method used to obtain the
hydrochloride of VII was used to obtain this compound by nitrosation of I and subsequent reduction of ni-
troso derivative VIII (without isolation in pure form). The yield of the hydrochloride of VI with mp 172~
173.5° (dec., from 2-propanol) was 61%. Found: C 53.9; H 6.6; Cl 17.7; N 14.0%. CgH;)N,O-HCL. Calcu-
lated: C 53.9; H 6.6; Cl 17.7; N 14.0%.

Synthesis of Indoles X-XVII, Method A. A mixture of 0.7 g (3 mmole) of the hydrochloride of VII and
0.35 g (3.7 mmole) of cyclohexanone in 10 ml of 15% HCI in absolute alcohol was refluxed for 10 min, after
which it was poured into water, and the resulting precipitate was removed by filtration to give 0.52 g of in-
dole XiI.

Method B. A 0.5-g (2.4 mmole) sample of the hydrochloride of VI was refluxed for 3 min with 0.28
mmole of cyclohexanone in 5 ml of absolute alcohol. Workup gave 0.37 g of indole XI.

Method C. A 1-g (4.5 mmole) sample of the hydrochloride of VII was refluxed for 1 h with 0.6 g (5
mmole) of tetrahydro-4-thiopyrone with a solution prepared from 0.5 g of concentrated sulfuric acid and
10 ml of absolute alcohol, Workup gave 1 g of indole XV.

The other indole derivatives (Table 1) were obtained by the indicated methods; in the synthesis of
XIII, XIV, and XVII the starting piperidones were used in the form of their hydrochlorides, the reaction
mixtures were made alkaline with potassium carbonate, and the bases, which were converted to the hydro-
chlorides in the case of XIV and XVII, were isolated. A 9% solution of hydrogen chloride in alcohol was
used in the preparation of indole XIV. In the case of X, the crude product was purified by chromatography
with a column filled with activity IV Al,O; and elution with hexane.
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