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SYNTHESIS AND PROPERTIES OF 3-0XA-7,11-DIAZASPIRO[5.6]DODECANES

R. A. Kuroyan, V. V. Sarkisyan, and UDC 547.834,1'811'892,07:543.,422'51
S. A. Vartanyan

A method for the synthesis of 2,2-dialkyl-3-oxa-7,11-diazaspiro[5.6]dodecanes was
developed on the basis of 4-bromo-4-formyltetrahydropyrans. The products were
alkylated at the nitrogen atom in the 11 position by means of alkyl halides and
acrylic acid derivatives, and the alkoxycarbonyl groups in the side chain were
reduced.

In recent years considerable attention has been paid to methods for the synthesis and
study of the biological properties of spiro biheterocyclic compounds [1-4]. Having an ac-
cessible method of synthesis of 4-bromo-4-formyltetrahydropyrans [5] at our disposal, we have
developed a method for the synthesis of a new spiro biheterocyclic system in which the tetra-
hydropyran and perhydrodiazepine rings are spiro~bonded via the scheme
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Halo aldehydes Ia,b react smoothly with B-methylaminopropionitrile [6] to give formyl
nitriles IIa,b, which undergo hydrogenation with cyclization to give spiro amines ITIa,b
in good vields at a hydrogen pressure of 110 atm (technical) at 90°C in the presence of Raney
nickel., The N-monosubstituted perhydrodiazepine ring makes it possible to obtain numerous
derivatives of this spiro biheterocycle (Table 1), some of which we synthesized with the aid
of ethyl bromoacetate (IVa,b), propargyl bromide (Va, b), a-chloroacetamide (VIa,b), 5-phen~
yl-l-chloro-2-hexene (VIIa,b), methyl acrylate (VIIIa,b), and acrylamide (IXa,b) as the re-
agents. We also obtained several alcohols (Xa,b, XIa) by hydrogenation of IVa,b and VIIIa
with lithium aluminum hydride.
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903, July, 1983. Original article submitted July 26, 1982; revision submitted January 25,
1983.

0009-3122/83/1907-07195%07.50 © 1984 Plenum Publishing Corporation 719



(HO) 00ge—o00eg
‘ ¢ ¢ Z\INIBEL ILE ’ . . . @oren==3) 0191
SGI—¥81 [GF(9'0 |16 | 2'9L | *ON®H®D |¥'9 (6% |6'9L ] (2) 69 ‘0061 (DOD) 0801 (%) 0L5—892 25D} (HOYDOHD | AIIX
(HO) 00gg—00eE
g ‘ ¢ ENENTIET 197 ‘ . ‘ ‘ wore)==3) 0191
9¢1—¢eT (08 16'9 |68 | ¥'9L| PO°N"H*D |19 |06 |g'9z | ©) 110 0081 “(DOD) 0801 (¢) €96—0S3 (D) (HO)D®HD | erx
(0=D) 0891
‘ ‘ ¢ TENTEET T ¢ ¢ < ; ¢ - (1% amso..nOnd ) 0091
801—90T [L8 |18 [¥'6 | CE€L|°O°N®H"D |g'8 [¥'6 {g¢cs | (D90l “w HE) 08—0'L] “00SI (DOD) 0801 (€) 186633 SH*D0D%HD qnx
o] “t@om on D) 00L1
. . o lan 1o . . D=0D) 0651 ‘0081
SEI—VEL €2 168 |16 | L2L| "O'NH™ (€8 €6 |8%3L | (D 690 ‘w'HG) 0'8—0°L “(D0D) 0801 (¢) 813913 SHP0OMHD | wIX
¢ ¢ ¢ 2EN08T 18T ¢ . ¢ . AIONIU ZH Q9= (HO) 00%e—00¢¢
L61—861 |29 [FO1 |T'1T [ 9°99 [ O°NH D | 1°01 {011 | 299 | (0T3) €% ‘1'Hg) 0g'e (D0OD) 0801 68201 | 02081 | (9) 061—881 HOPHD®HDHD BIX
o b . encgrasio | aens oo | e .| (HO®HD zH Q'9=/|  (HO) 0056—005¢
PEI—3EI {18 | P01 |G 11| 9°99 [ SONHED |¥'01 |21 |2'99 [(022) g1'% ‘s ‘HB) £¥'e ‘(D0D) 0801 06201 | 08051 | (2) 291191 HOPHOHD ax
v | o . I (HO®*HD 7H ¥'9=r|  (HO) 00S6—003€ ‘
CST—IGI {8L|6°01 [ I'TT | 9799 [ “O°N®H"'D |01 (3’11 9'e9 | (023) ¢'e ‘3 ‘Mg) 0%'e ¢ vuoE 0801 G201 | 9908°1 (2) 251 HO®HD®HD eX
. . . X . . . HN) 00¥6—003¢€ )
SLI—0LT |99 | I'P1 | G°OT | 9F9 | SOEN'SH®'D [e'%1 |¢01 | ¥'%9 | (®) 16°0] ((HN  ‘HB) 7 69 ( VAoluv 0691 01281 | (¢) 0833835 SHNOD®HO®HD ax1
. . . . *HN) 00¥£—003€ :
181—081 |0L [8F1 | 201 | 9°€9 | 2ONSHED |9'F1 | 1'01{C'€9 | (®) 90| (BHIN ‘s ‘HZ) 2°L ‘69 ,Monov 0691 0018’ | (%) 335—05z SINODPHO®HD eX]
o |t . . . 0=D) 05.1 .
g6—06 [0L]06 |€01| ¥'S9[ SON®HL'D |06 [+°01|1°99 | (022) 39| (CHDO s ‘He) 09'el “(D0D) 0601 2090°T | S¥6F'T | (2) 891—291 *HOOQOD®HDHD | UumA
‘ . ‘ . (0=D) 0821
0TT—80T |92 |6 | 10T | ¥'79| SOPNH™D |6 | 101|279 | (812) 9'F| (CHDO ‘s‘He) 09'e “(D0D) 0801 1890°T | S36¥'1 | (8'2) 091—681 fHDO0DPHDPHD | -emIA
Eunmo,ﬁ* 0'g= o)
‘ ‘ ‘ N R =/ ‘1 ‘Hg) 08's D==D) 0191 ) . .
vi—€L |09 (€L |SOT| 08L) ONTHTO |3°L |€01|8LL 05'0| {(sH®D ‘$‘HE) 90°L “(O=0) 0gol | 6800°T | 0151 | (S'e) 135—053 f@um_ufumunmufu anA
i)
(HO=HD"zH 0'g=
o o . o eenr Lo =1 "3Hz) 9g' zorn—5) 0191 . . ) )
96—G6 |¥9|9°L |€0T|8LL| ONTEH™D |92 |¥01|08L eg'0} ‘((|H" ‘*‘HQ) 01°L “(D=D) 0891 8910°1 | 00851 |(4'2) 013608 f@umn_ufumunmufu T EIIA
¥
o | . . . (CHN|  (PHN) 09¥6—002¢ ,
171—0%1 09 |8%1 |01 | 969 | “O'NTHE'D |91 {101 (89 | (®) 09'0| '$°Ha) €', ‘[8'9 “(0=0) 0691 0161 | (9) 988—3€3 HNOD®HD | arA
wr Lrar | o ol oo CHN|  (FHN) 05¥€—005¢ .
681-—L81 89 19'cl [ 1°01 | 8'39 | “O°NH"'D |g's1|6'6 929 | (B) #9°0|  's‘HZ) 9L ‘€89 “(0=D) 0691 S06ST | (%) €16—113 *HNOD?HD LA
. . . | CHON®ZH g'¢=r (HD=) o00ge . .
SOT—€01 | 1919°01 | 20T | L3 | OSN¥H*D |.'01|9'01|¥GL | (012) L' ‘P ‘HY) €3¢ .6 D) 0213 op66°0 | 080S'T | (%) 191—081 HO=2%HD A
. . . . . .| CHON'zugT=T (Ho=) o1ee .
9YI—C¥1 |09 |T'T1 |01 | 64| OPNTIE'D {011 |%°0110%GL | (018) LC ‘p ‘HE) £g'e mu oW hdtd 0£66'0 | 05081 | (¢) ge1—1g1 HO==D?HD EA
0=D) 08.1 )
08—8L (0206 |¢'0T} €'99 | O N®H!'D |06 [1°01|1°c9 | (0g3) g'¢| (PHON ‘s ‘Hz) 93¢ NGOUW 0601 6%S0°T | 068F'1 | (¢) €21—5L] SH*O0DHD qAl
0=D) 09.1 . :
€66 |¥L|¥'6 |1'01 | ¥'79 | "O°N"HD |¥'6 |5°01|9'F9 |(0€2) ¢€'p| (PHON '® ‘He) 93°¢ (D0D) 0601 | €990°T | 968%°T | (g) 291091 *H'O00D°HD | °A1
(roueyss “x3)
0 39p ‘duw m _ " _ BNULIO; N _ " _ ° § .«Woucv wdd (wum) punod
‘opuomp| o ! &._.* O .wm ‘¢ ‘wrnayoods YN wo ‘wanrgoeds i P U 5 8ep “dq 2 wop
-ophuial T | %Cperemorp | MM o cpunoyg upw -
(ITIX-AI) mmcmo%%S.2oi%mﬁmﬂrﬂ,meo-mlumninﬁm&,?ﬁuﬁa&.N ‘T FI9VI

720



TABLE 2. Mass Spectra of IITa,b, IVa, and VIIIag®

Com; m/z values (relative intensities of the jon peaks in percent of the maximum peak)
poun

HIa 212 (21), 197 (26), 182 (9), 168 (26), 155 (74), 142 (21), 140 (100), 126

(21), 110 (18), 97 (40)

1 226 (23), 211 (17), 197 (100), 182 (19), 169 (27), 168 (33), 140 (47), 126
(23), 97 (30), 84 (30)

Va 208" (57), 283 (72), 295 (31), 211 (40), 182 (10), 168 (59), 155 (100), 140
(72), 97 (32), 84 (36)

VIIe | 298 (21), 283 (35), 269 (20), 254 (8), 225 (10), 211 (10), 197 (20), 168
(54), 155 (100), 140 (86)

*The 10 most intense peaks in the mass spectrum of each com-
pound are presented.

The structures of the compounds obtained were confirmed by IR and PMR spectroscopy (Ta-
ble 1), whereas the structures of IIa, IIIa,b, IVa, and VIIIa were alsc confirmed by mass
spectrometry (Table 2). The mass spectrum of IIa does not contain a molecular-ion peak but
does contain an ion peak with m/z 195, the formation of which is associated with splitting
out of the formyl group. We established a similar principle for substituted a-amino alde-
hydes of the tetrahydropyran series in [7]. The molecular masses of ITIa,b, IVa, and VIlla,
determined by mass spectrometry, correspond to the calculated values, Their structures are
also confirmed by the presence of a number of characteristic peaks of fragment ions in their
mass spectra.

EXPERIMENTAL

Gas—liquid chromatography (GLC) was carried out with a Khrom—4 chromatograph with a
flame-ionization detector; the stationary phase was E-301 methylsilicone elastomer (6%) on
Chromaton NAW (0.20-0.25 mm) treated with hexamethyldisiloxane, the column dimensions were
120 cm by 0.3 cm, the carrier gas was nitrogen, and the flow rate was 0.9 liter/h. The re-
tention times (TR) are presented in Table 1. Thin-layer chromatography (TLC) for VI, IX,
XII, and XIII was carried out in Silufol UV-254 plates in water—acetic acid (3:1) (a), water—
dioxane—acetic acid (2:2:1) (b), and water—dioxane—acetic acid (3:3:1) systems, whereas TLC
for VII was carried out on activity IT aluminum .oxide in benzene-chloroform (1:1). The chro-
matograms were developed with iodine vapors. The IR spectra of thin layers of the compounds
were recorded with a UR-20 spectrometer. The PMR spectra of solutions in CCl, were recorded
with a Varian T-60 spectrometer with tetramethylsilane as the internal standard. The mass
spectra were obtained with an MKh-1303 spectrometer with direct introduction of the samples
into the iom source.

2,2-Dimethyl-4~formyl-4—(methyl-g-cyanoethylamino)tetrahydropyran (Ila). A mixture of
22,1 g (0.1 mole) of 2,2-dimethyl-4-bromo-4-formyltetrahydropyran (Ia), 21 g (0.25 mole) of
g-methylaminopropionitrile, and 100 ml of dry ether was refluxed for 18-20 h, after which it
was cooled with ice water, acidified with 20% hydrochloric acid, and washed with ether. The
aqueous solution was cooled with ice water and neutralized with concentrated potassium car-
bonate solution to pH 8 and extracted with ether. The extract was dried over anhydrous mag-
nesium sulfate, the ether was removed, and the residue was distilled <m vacuo to give 18 g
(80%) of a product with bp 162-163°C (3 mm) and n2° 1.4870. IR spectrum: 1080 (COC), 1720
(C=0), 2730 (CHO), and 2270 cm™* (C=N). TFound: C 64.4; H 8.9; N 12.7%. C;1,H2oNz0.. Cal-
culated: C 64.2; H 9.0; N 12,5%.

2-Methyl-2-ethyl—4~formyl—4—(methyl-g-cyanoethylamino)tetrahydropyran (ITb). Under sim-
ilar conditions we obtained 16.1 g (63%) of IIb, with bp 173-174°C (3 mm), and n5° 1.4905,
from 25.1 g (0.11 mole) of 2-methyl-2-ethyl-4-bromo-4-formyltetrahydropyran (Ib), .6.8 g
(0.2 mole) of B-methylaminopropionitrile, and 100 ml of ether. IR spectrum: 1070 (COC),
1730 (Cc=0), 2730 (CHO), and 2270 em™ (C=N). Found: C 65.7; H 9.03 N 11.6%. CisHz2N:0;.
Calculated: C 65.5; H 9.3; N 11.7%. '

2,2,7-Trimethyl-3-oxa-7,11-diazaspiro[5.6]dodecane (IIIa). An autoclaye was charged with
84.3 g (0.37 mole) of nitrile Ila in 300 ml of tert-butyl alcohol and 25 g of Raney nickel
[8], and hydrogenation was carried out for 9 h at a hydrogen pressure of 110 atm (technical)
and a temperature of 90°C., At the end of the reaction, the solution was filtered, the alco-
hol was removed by distillation, and the residue was distilled in vacuo to give 46.6 g (58%)
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of a product with bp 114-115°C (3 mm), n2° 1.5030, and d%° 1.0291. IR spectrum: 1080 (COC)
and 3350 cm~' (NH). PMR spectrum: 1.05 and 1.27 [6H, s, 2,2-(CHs).]; 2.25 (3H, s, 7-CHs);
2.4-3.0 [4H, m, 8,10-(CH,).]3.2~3.9 (2H,m, 4-CHz); 1.2-2.2 ppm [6H, m, 1,5,9-(CH;)s]. The re-
tention time was 1.9 min (215°C). TFound: C 67.8; H 11.4; N 13.2%; [M]+ 212, Ci1,H,,N,0.
Calculated: C 67.9; H 11.4; N 13.2%; M 212, The dihydrochloride of 1l1Ia had mp 138-139°C
(from ethanol).

2,7-Dimethyl-2-ethyl-3-oxa-7,11-diazaspiro[5.6]dodecane (IIIb)., Under similar condi-
tionswe obtained 63.2 g (60%) of I1Ib, withbp 125-126°C (3 mm), np° 1.5015, and d2°1.0584, from
110 g (0.46 mole) of IIb in 300 ml of tert-butyl alcohol and 30 g of Raney unickel. IR spec-
trum: 1080 (COC) and 3350 em™' (NH). PMR spectrum: 1.0 and 1.25 (3H, s, 2-CHs;); 0.78 (3H,
t, J =5 Hz, 2-CH,CHs)3; 2.3 (3H, s, 7-CHs); 3.2-3.8 (2H, m, 4—CHs); 2.5-3.1 [4H, m, 8,10-
(CH2)2]; 1.2-2,2 ppm [8H, m, 1,2,5,9-(CHz)s]. The retention time was 2.7-min (215°C). TFound:
C 69.1; H 11.7; N 12.4%; [M]T 226. C,sH.6N.0. Calculated: C 69.0; H 11.6; N 12.3%; M 226.
The dihydrochloride of TIIb had mp 91-92°C (from ethanol).

2-R'-11-R®-~2,7-Dimethyl-3-o0xa-7,11l-diazaspiro[5.6]dodecanes (IV-VII, Table 1). A 0.08-"
mole sample of reagent R°X (X = Br for the preparation of IV and V, whereas X = Cl for the
preparation of VI and VII) was added dropwise with stirring to a mixture of 0.08 mole of IIla
or IITb, 40 ml of acetonitrile, 20 g (0.14 mole) of potassium carbonate, and 10 ml of water,
and the mixture was heated at 70°C for 7-8 h. It was then cooled, acidified with 20% hydro-
chloric acid, and washed with ether. The aqueous salt was cooled with ice water and made al-
kaline with concentrated potassium carbonate solution, and the alkaline solution was extract-
ed with ether. The extract was dried with magnesium sulfate, the solvent was removed by
distillation, and the residue was distilled in vacuo.

11-(B-Methoxycarbonylethyl)- and 11-(B-Carbamoylethyl)-3-oxa-7,11-diazaspiro[5.6]do-
decanes (VIII and IX, Table 1). A mixture of 0.02 mole of IIIa or IIIb and 0.03 mole of
methyl acrylate or acrylamide was heated at 75-80°C for 7-8 h, after which it was distilled
in Vacuo.

11-Hydroxyalkyl-3-oxa—7,1l-diazaspiro[5.6]dodecanes. (X and XI, Table 1). A 20-mmole
sample of one of the esters (IVa,b, VIIIa) was added dropwise with cooling with a mixture of
ice and salt at no higher than 0°C to 1 g (27 mmole) of lithium aluminum hydride in 60 ml of
dry ether, after which the mixture was stirred at room temperature for 6-7 h and then cooled
with a mixture of ice and salt. Water (4 ml) and 1 ml of 15% of sodium hydroxide was added
dropwise with caution, and the mixture was stirred for 2 h and filtered. The ether was re-
moved by distillation, and the residue was distilled in vacuo.

11-Phenacyl-3-oxa—-7,l1-diazaspiro[5.6]dodecanes (XII, Table 1). A mixture of 40 mmole
of IITIa or IIIb, 4 g (20 mmole) of bromoacetophenone, and 40 ml of dry ether was refluxed for
6~7 h, after which it was cooled with water, acidified with 207% hydrochloric acid, and washed
with ether. The extract was dried with magnesium sulfate, the ether was removed by distilla-
tion, and the residue was distilled im vacuo.

11-(B, p~Diphenyl-g-hydroxethyl)-3-oxa-7,11-diazaspiro[5.6]dodecanes (XIII, Table 1). A
solution of phenyllithium, prepared from 0.42 g (0.06 mole) of lithium, 4.7 g (0.03 mole)
of bromobenzene, and 50 ml of dry ether, was added dropwise to a solution of 0.0l mole of
ester IVa or IVb in 50 ml of dry ether in such a way that the ether boiled evenly. The mix-
ture was then refluxed for 7 h, after which it was cooled, and 5-6 ml of water was added
dropwise. The ether layer was dried with magnesium sulfate, the ether was removed by dis-
tillation, and the residue was distilled in vacuo.
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SYNTHESIS OF 4-~CHLOROMETHYL-SUBSTITUTED PYRYLIUM SALTS

V. I. Dulenko, V. M. Golyak, N. N. Alekseev, UDC 547.812'288'3
and V. I. Gubar'

The diacylation of methallyl chloride gave 2,6-dialkyl-4-chloromethylpyrylium. salts,
which were isolated in the form of stable perchlorates.

One of the principal methods for the synthesis of pyrylium salts is the diacylation of
olefins [1]. 1In order to synthesize chloromethyl-substituted pyrylium salts and study their
properties we carried out the diacylation of methallyl chloride for the first time.*

Monoacylation of methallyl chloride by the Kondakov method [3] gave alkyl y-chloropro-
penyl ketones I, which proved to be intermediates in the syntheses of furans and pyrroles
[4, 5].

In the present paper we describe the synthesis of 2,6-dialkyl-4-chloromethylpyrylium
salts. The latter are of interest in connection with their ability to undergo three types
of transformations, viz., recyclization with retention of the number of atoms in the ring,
ring contraction [6], and reactions at the chloromethyl group [7], detailed information re-
garding which will be presented in a separate communication.

The diacylation of methallyl chloride makes it possible to obtain 2,6-dialkyl-4~chloro-
methylpyrylium salts IV, which were isolated in the form of crystalline perchlorates, in
satisfactory yields.

In conformity with the generally accepted mechanism of the diacylation of olefins [8],
the formation of the IV cations proceeds through intermediate B,y-unsaturated ketones III.

R cHel
I
RCO—CH=C—CH, + RCO-— CH:—(,—(_‘J"]3
cH,CI
[ I 1
CH,=C—CH; — CH,CI
CHECI + CH,CI
‘ | RCO : -H,0 N
RCO—CH,—C=CH, | — | RCC CH,—C——CH,COR [ o
1t + RTN07R
clo;
1V a-c

1V a R=CHs, b R=CgHs, ¢ R=Cslly

Carboxylic acid anhydrides and 70% perchloric acid or acid chlorides and AlCls were
used as the acylating agents.

The IR and UV spectra of perchlorates IV are similar to the spectra of 2,4,6~trimethyl-
pyrylium perchlorate. The PMR spectra contain signals of 2,6-dialkyl substituents at strong
field, as well as singlets of CH.Cl and ring protons.

In addition to salts IV, we also isolated liquid products that undergo partial decompo-
sition during distillation <n vacuo and darken on storage. The IR spectra of these products
in the region of stretching vibrations contain strong absorption bands at 1720, 1690, 1665,
and 1625 ecm™ ', the first two of which we assigned to the vibrations of unconjugated (1720

*Sce [2] for our preliminary communication.
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