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172. |HEL—: FvvF v RILEWOERIR (55 58*)  7-(2-Hydroxy-
3-alkylaminopropyl)theophylline ¥ X ¢ 1-(2-Hydroxy-3-alkyl-
aminopropyl)theobromine ¥ X %% DB EAR D H K

Hiroichi Fukuda : Studies on the Syntheses of Xanthine Derivatives. V.
Syntheses of Some 7-(2-Hydroxy-3-alkylaminopropyl)theophylline
and 1-(2-Hydroxy-3-alkylaminopropyl)theobromine

. and their Derivatives.

(Research Laboratory, Nippon Shinyaku Co., Ltd.*')

Twenty-three kinds of 7-(2-hydroxy-3-alkylaminopropyljtheophylline (Il to XXXV)
were prepared by the reaction of amines with 7-(2,3-epoxypropyl)theophylline (1) or
7-(2-hydroxy-3-chloropropyl)theophylline, prepared from theophylline sodium and epi-
chlorohydrin, and from theophylline and 1-dialkylamino-2,3-epoxypropane, and also
13 kinds of their acyl derivatives (XXVI to XXXVIl). Similarly, 10 kinds of 1-(2-hydroxy-
3-alkylaminopropyl)theobromine (XL to XLIX) and two kinds of 1-(2-benzoyloxy-3-alkyl-
aminopropyl)theobromine (L and LI) were prepared from theobromine. Among these
compounds synthesized, 7-(2-benzyloxy-3-diisobutylaminopropyl)theophylline was found
to be an excellent coronary artery dilator.

(Received May 17, 1963)

7-(alkylaminoalkyl)theophylline &gk 1c BIL C ik Moussalli £, Klosa,? Zelnik® 12 X h #EI T
D, FOFFREIERZE L ik McColl 44D 12 X h#g bh, 7-(2-piperidinoethyl)theophylline,® 7-(2-diethyl-
aminoethyl)theophylline,” 7-(2-phenethylaminoethyl)theophylline® s X % 7-(2-isopropylaminopropyl)theo-
phyliine” PP RS S T B —FREIRIGEER @ B L Tk 7-(2-phenethylaminoethyl)theo-
phylline,® 7-(2-benzylaminoethyl)theophylline,® 7-(2-isopropylaminopropyl)theophylline,” 1-(2-diethyl-
aminoethyl)theobromine® 235 47 4 Y VICHYST HIEAEET A L eWMEL W52, HBEEEZRCAR
T, BHlEAE R T E LTIk T-(2-isopropylaminopropyl)theophylline o Z HWED ko TRAICBE 7o
Ve SEFIERO &k <, alkylaminoalkyl FHMEHICT 4 7 4 ) VICIEE T HIREEA A R TLEW 2, 3 FF
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T D EEh AN g, alkyl fliigHic hydroxyl K Ah%Z ik b, KEMNEL, »omM BT 5
L& L ¢, 7-(2-hydroxy-3-alkylaminopropyl)theophylline, 1-(2-hydroxy-3-alkylaminopropyl)theobro-
mine ¥ X O'%D acyl SFEERDODEREZ 1T - 1.

TA 7 4 ) VY — Z%EF 0 epichlorohydrin & 15~16 BRRIINESIG X 4,
(1) % 51.7% DBETHES. hé diethylamine % 7 /L 2 —vrh 4~5 BERINET 22 L1 L b 76.3% D
B& T 7-(2-hydroxy-3-diethylaminopropyl)theophylline (VI) ##7%-. F#ic L C7 v =7, methylamine,
dimethylamine, ethylamine, propylamine butylamine, allylamine, 2-aminoethanol, dipropylamine, diiso-

7 —(2;3—epoxypropy1)theophylline

propylamine, diallylamine, dibutylamine, diisobutylamine, diamylamine, diisoamylamine, benzylamine,
phenethylamine, piperidine, pyrrolidine, morpholine, aniline, 3 X% p-toluidine & 7-(2,3-epoxypropyl)-
theophylline X » %}J&4% 7-(2-hydroxy-3-alkylaminopropyl)theophylline (IT)~(XXV) % 55~98% DBET
Bic. ek btz 47 4+ V v & epichlorohydrin I » AR L7 7-(2-hydroxy-3-chloropropyl)theo-
phylline (1) L7 I vk 7A 2~ ARTCRIGEE R A LIC LD, ¥75+7 4 Y v 1-dialkylamino-2,3-
epoxypropane % 7 A3 — AT T L2 LI L - THBEL R 525, ThbDBEICITERYOMER L,

Bzl OFHERELEL L. BEDORIEIC B\ € 1-diethylamino-2,3-epoxypropane % i\ 72354
7-(2-hydroxy-3-diethylaminopropyl)theophylline (VI) LS4}z m.p. 146° o &5 % 31% DBETHELE. Hh
Chart 1.

CH;N —CO CH;N — CO
| | H CICH,CHCH, || JRCHTH
ocC C—N N7 o¢c C—N_ O
| >CH — Nasalt —— L[ >CH
CH;N — CH:N —C—N
I
: /R
\. CH,CHCH,N(
lCICH CHCH, LGNSR N -
2\0/ 2 \ % / l\H(R,
N e
CH;N —CO CH,CHCH,CI CH:;N — CO CH2CHCH2N\R, CH;N — CO CHchCHZN\g,
[ R R | |
oc c—nN YH HN(R,  o¢ c—n OH 06 &t OCOR"
Lo —— 1 yem — T [ Scm
CH:N—C—N CH:N—C—N CH;N —C—N
I I ~XXV XXVI~XXXVII
Table I. 7-(2-Hydroxy-3-alkylaminopropyl)theophylline
CHiN—OC CHZCHCH2N<I§, '
|
oc c N
>CH
CHgN
Analysis (%)
Compd. , Yield m.p.
No. R R (%) C) Formula Calcd. \ ﬁ_Fgund
C H N C H N
m H H 62.19 15*15%5 s CuHisOsN; 47.30 6.11 28.08 47.42 5.97 27.66
v H CH, 61.09 176 CuHy,O5N;  49.43 6.41 26.20 49.59 6.48 26.56
v CH, CH, 50.59  106~107 Cy,H;g05N5 51.23 6.81 24.90 51.24 7.11 24.65
il H C.H; 75.19 173~175 CpH03N5 51.23 6.81 24.90 51.30 6.77 24.97
VI C.H; cH, 30 a1 CuHys0:N; 54.35 7.49 22.64 54.32 7.64 22.64
i H CsH, 70.00 141 CisHyO3N;  52.86 7.17 23.72 53.22 7.12 24.00
9) Chem. Werke Byk : Ger. Pat., 224,159 (1910).
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X H CH, 54.59 139 - CiHyOsNs 54.35 7.49 22.64 54.55 7.48 22.78
X H ~CH,CH=CH, 60.09 133  Cy;H;O:Ns 53.23 6.53 23.88 53.12 6.59 24,02
X H CH,CH,OH  66.80 166 " CLH,O.N; 48.47 6.44 23.56 48.47 6.44 23.70°
)
XTI CsH, CsH, Z?' S5 120 CuHyO,N; 56.95 8.07 20.76 56.78 8.10 21.10
X iso-CsHy is0-CsHy 48.99 124  CyHyOsN, 56.95 8.07 20.76 57.02 8.32 20.79
XV -CH,CH-CH, -CH,CH=CH, 59.00 108 o' C,H,O:N; 57.64 6.95 21.01 57.43 6.86 20.93
XV CH, C.H, 62.59 116  CisHyO,N, 59.15 8.55 19.16 59.29 8.53 19.10
i )
X iso-CiH, iso-CyH, e 151 CuHuO,N; 59.15 8.55 19.16 5883 8.73 10.30
I C:Hy, C:Hy, 64.99 78  CyHuyOsN, 61.04 8.97 17.80 61.19 9.03 17.94
WD iso-CiHy  iso-CsHu  69.99 91~93  CaHyOsN; 61.04 8.97 17.80 61.53 8.83 17.74
XX H _CH,CoHs  75.89 148  CyHuOaNs; 59.46 6.16 20.40 59.80 6.40 19.99
X H _CH.CH,C,;Hs 64.39 117  CisHasOsN; 60.49 6.49 19.60  60.54 6.67 19.89
)
XXI ~(CHa)s- 89.00 136 CuMwON; 56.06 7.21 21.79 56.24 7.36 21.94
)
XXI ~(CHL)s- 2400 147 CuHuOsN, 54.71 6.89 22.79 54.74 7.03 22.55
98.19 150
XXII ~(CH)s-O~(CHa)s- %8.10 150 | CuHnO.N; 52.01 6.44 21.67 52.16 6.78 21.61
Xy H CeHs 55.19 164  CyH;,OsN, 58.35 5.82 21.27 58.35 5.98 21.08
Xy H p-CH,CoH,  63.69 179 CyHuOsN; 59.46 6.16 20.40 59.16 6.02 19.98
a) prepared from 7-(2,3-epoxypropyl)theophylline and amine.
b) from 7-(2-hydroxy-3-chloropropyljtheophylline and amine.
¢) from theophylline and 1-dialkylamino-2,3-epoxypropane.
Table IOI. 7-(2-Acyloxy-3-alkylaminopropyl)theophylline
CH;N—CO CH,CHCH.NCR,
| | ¢
ob &% ocor
Lo CH
CH,N—C—N ;
Analysis (%)
Compd. g R’ Ry Yield - mp. o ponula Calcd. Found
No. (%) (°C) SN —_—
c H N C H N
XV CH cH CH, 95.00 242 CuHaONs 4y 556,33 18.54 44,08 6.50 18.53
3 3 3 . 'HCI'HzO . . . . . .
vl CH, CH, cH, 96.00 218 CwHuOML 51 87 5,91 15.92 51,98 6.15 15.72
i 207 CuHyON; o -
XXVl CoHs C.H; CH, 70.20 20T, . CurluOdl ) 54.00 6.32 15.25 54.86 6.32 15.11
XX CoHy C:H; CH, 90.20 8586 CiHyuO:N;  56.97 7.70 18.46 56.95 7.69 18.76
XX CHy CoHy CiH; 62.39 96~98 CyHyO.N;  62.56 7.08 15.86 62.49 7.13 15.56
XXt iso-CoH; iso-CoH; CeHy 59.10 245  CmHaOulls 57,79 6.75 14.65 58.04 6.84 14.43
XXXI C.H, C.H, CH, 74.70 60~62 CyHiO:N;  58.94 8.16 17.19 58.52 8.12 16.98
XXX CaHy C.H, CHs 65.80 79  CuHyxO:N,  63.94 7.51 14.92 64.15 7.59 15.25
)
YOIV iso-CiHy, iso-CiHly CHy oo by 117 CuHyON;  58.94 8.16 1719 59.30 8.17 17.53
XXXV iso-CH, iso-CiH, CoHs 78.49 102  CysHyO,N;  63.94 7.51 14.92 63.84 7.43 14.77
XXXVI ~(CHy)s- CH, 65.30 246 CmHrONs 57,90 6,11 15.16 57,27 6.06 15.70
XXXVT ~(CHa)s- e, 7820 21 CuHOlNe. 5631 5.85 15.64 56.36 5.98 15.45
XOVI ~(CHa)a-O—(CHo)- CoH; 54.89  160.5 CoHyOsN;  59.00 5.90 16.39 59.32 6.10 16.48

a) acylation with acyl chloride.

b) acylation with acetic anhydride.
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fElX CuHasOsNs i —Fk L, KEEEEZHTHF Vv F VREAYWT VT OREGTH LI EHRLTHS. Thb
7-(2-hydroxy-3-alkylaminopropyl)theophylline %7 3 ~ %% amino, methylamino, dimethylamino, ethyl-
amino, diethylamino, morpholino ¥ X 0 2-hydroxyethylamino o X 5 7c{E#k % 7-1% hydrophile o TH%
FoTnFr7 3 ) EOHE I T b O kEEME (Fl~E dimethylamino 35 X 0% morpholino {ko ZfEEEIT
18° s\ TEhEh 495, 246 mg./ml.) Z/RTH, MMOBAEITEETHS. Ttk bibsdo IR % Nujol
THE LBA, ZBEER7 AT L7 3 2B TRENS 3 p A0 OH ORINIT—EB ks X O B RE
W7 rEAT 2 ETIRIERIZEE D 572, D ¥ i 7-(2-hydroxy-3-alkylaminopropyl)theophylline %~y v —
sy FfCUX b A —daC benzoyl chloride, acetyl chloride #{EH ¥ 57, MEIYERIEI S 2 LT
X OXJeT % 2-acyloxy K, $7¢i> b 7-(2-acetyloxy-3-dimethylaminopropyl)- (XXVI), 7-(2-benzoyloxy-3-
dimethylaminopropyl)- (XXVI), 7-(2-benzoyloxy-3-diethylaminopropyl)- (XXVIl), 7-(2-acetyloxy-3-dipropyl-
aminopropyl)- (XXIX), 7-(2-benzoyloxy-3-dipropylaminopropyl)- (XXX), 7-(2-benzoyloxy-3-diisopropylamino-
propyl)- (XXXI), T7-(2-acetyloxy-3-dibutylaminopropyl)- (XXXI), 7-(2-benzoyloxy-3-dibutylaminopropyl)-
(Xxx1m), 7-(2~acetyloxy-3-diisobutylaminopropyl)- (XXXIV), 7-(2-benzoyloxy-3-diisobutylaminopropyl)- (XXXV),
7-(2-benzoyloxy-3-piperidinopropyl)- (XXXVI), 7-(2-benzoyloxy-3-pyrrolidinopropyl)- (XXXVI), % L% 7-(2-
benzoyloxy-3-morpholinopropyl)theophylline (XXXVII) #7-. v frD7 3 7 EicEH I - 7 VEAVNE

WIBEIZIL benzoyl chloride & oG LB IR E LT LTk52, bulky 727 /L 3% 570

Chart 2.
KN —CO . "CH,CHCH,N — CO
] SHe CICH,CHCH, \OZ/ : | | CHs R
0C C—N o7 o¢ C-—XN >
Lo — [ yem —
CH;N—C—N CH,N —C—N
XXXIX
Ry
R//NCHoCHCHzl\‘I ?O CH3 R//NCH |CHCH21\|I (1:0 CH3
HO o0 ¢—X POCO  ob L\
Lo —— 1 _oom
XL~XLIX LLl

Table M. 1-(2-Hydroxy-3-alkylaminopropyl)- and 1-(2-Benzoyloxy-
3-alkylaminopropyl)theobromine

> /NCHZCHCHzl\II ?o o,
OR” oc c N
>CH
CHaN
Analysis (%)

Nt ®mo®m Y W Femia  Caed.  Fomd
C H N ¢ H N
X, CH, H H 564 177 CuH,ON; 49.43 6.41 26.20 49.77 6.50 25.70
X CoH, H H  60.2 187 CuHyOuNs 51.23 6.81 24.90 50.86 6.82 24.61
XTI CoH, H H 356 134 CuHnOuN, 52.86 7.17 23.72 52.82 7.16 24.04
XLI iso-CoH; H H 662 143  CuHnOsN; 52.86 7.17 23.72 52.99 7.22 23.82
XLV CiH, H H 344 131  CyuH.,OsN; 54.35 7.49 22.64 54.67 7.43 922.79
XLV cyclo-CeHp-  H  H  45.2 143 CiHssOsNs 57.20 7.51 20.88 57.49 7.49 20.89
XLVI PhCH.CH,- H H  61.0 156  CiHwOsNs 60.49 6.49 19.60 60.03 6.64 19.71
XLVI ~(CH) o H 77.5 138  CyuHuOsN; 54.71 6.89 22.79 54.51 6.94 22.67
XLVII ~(CHy)s- H 740 155  CisHyO4Ns 56.06 7.21 21.79 55.94 7.10 21.42
XLIX  ~(CHy)e-O~(CHyl- H  75.5 127  CuHwnO.Ns; 52.00 6.55 21.66 51.95 6.48 21.42
L ~(CH)s- Bz 50.1 102  CyHyO:N; 62.10 6.40 16.46 61.95 6.70 16.54
LI —~(CHy)»-O-(CHy)p- Bz 75.0  163.5 CoiHypOsN; 59.00 5.90 16.39 59.10 5.85 16.55
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BATE, AR OEREIMET L, ARGEEEELE UCEEFRCEFL T 5. 28T+ 7 4 ) vl
SLABIZLT, 54 7 » 3 v Y v ak epichlorohydrin X H 69% OEET 1-(2,3-epoxypropyl)theobro-
mine (XXXIX) %75, #5813 % & L 7¢ { methylamine, ethylamine, propylamine, isopropylamine, butylamine,
cyclohexylamine, g-phenethylamine, pyrrolidine, piperidine %5 J U% morpholine BER S ERILT 5 1-(2-
hydroxy-3-alkylaminopropyl)theobromine (XL)~(XLIX) % 35~76% O HETH, 5L 2,3 DAY D
benzoyl L% 32 1-(2-benzoyloxy-3-piperidinopropyl)theobromine (L) ¥ X O° 1-(2~benzoyloxy-3-morpho-
linopropyl)theobromine (LI) % 50~70% OEETCHE:. .

LAY OEEERCE L T, FRMEREBEAERAY REHE, SEIRIGRER T EAERRY: K
BB S LORBEREDO Tt bh, F ORI TeRERIR 528, HELR~ UL, FURTEAE—
TR 2, T 7 4 ) vRILAMORBIIRIKEFERI L, & <& 7-(2-benzoyloxy-3-diisobutylamino-
propyl)theophylline (XXXV) {3 aminophylline o 3 5K O R F747H L."0 HEE ) KIPMLERRFERS
D o Eferr v VTS BICh i b, LIRS BRI IEATE O EEIMRIRA & L
FIEREEY TR L, $1F 0 o ik HABRRKEANEE A D FERE T b e lRIEROBR L D $E
fFFoh b,

2 B O

7-(2,3-Epoxypropyl)theophylline (I) FAT 4 ) VY — 4 50 g. % epichlorohydrin 250 ml. ¢, 14~
15hr. BHRTER, AREGELENL, FRELBMESE, &Er MeOH & b B3 i m.p. 160~161° o
w#H030.2g #78 (51.7%). CiHiOsNy  Anal. Caled. : C, 50.83; H, 5.09; N, 23.73. Found: C, 50.33;
H, 5.29; N, 23.68.

7-(2-Hydroxy-3-alkylaminopropyl)theephylline (III)~(XXV) a) 7-(2,3-epoxypropyl)theophylline X
» :  7-(2,3-epoxypropyl)theophylline 1 mole wwxf L, - L|FEDO7 I v &z, EtOH & 7 IX EEWMEY
56 hr. m#, ABFHTLES, 55 VREREEREYEELTICLC X VAN EE. BEERLLT
FrLC 7TAa-AREHEEFEALL.

b) 7-(2-hydroxy-3-chloropropyl)theophylline &7 3 v X b : 7-(2-hydroxy-3-chloropropyl)theophylline
1mole » 7 3 v 2mole % EtOH i 3hr. &, wHEHELEL BN LHE.

c) 5+ 7 19 v & 1-(dialkylamino)-2,3-epoxypropane X b : F A7 4V ¥ L 2@ o 1-dialkylamino-
2,3-epoxypropane % EtOH i 3~4 hr. jn# L, $HFELAE TS 2 L kb H 4y # 18. 1-diethylamino-
2,3-epoxypropane o IS0 HAICIE, RIGHEEEHEE, HAiEr MeCO X v kT 5 oLl h mp. 146°
OiERwE (31%). CuHas03Ns  Anal. Caled. : C, 54.35; H, 7.49; N, 22.64. Found: C, 54.47; H, 7.50;
N, 22.31. L% L b 7-(2-hydroxy-3-diethylaminopropyl)theophylline (VI) % 7§ (58.2%).

7-(2-Acyloxy-3-alkylaminopropyl)theophylline (XXVI)~(XXXVIII) 7-(2-hydroxy-3-alkylaminopro-
pyl)theophylline & AcCl %7z ix BzCl % v v~ F foid b vk — AT 4~5hr. MET HZ L X VB
BEOTAEALT I DT AFAEIMEZOBE W XHTHT BERY O HCL 2 EfE&LL, BlR7 v x vk
OESIC R EEPCEEL T ABHEE X VR E TR ol ¥BE 0 AcO & 3hr. MAKRTERLET S
Z L X ) 2-acetyloxy (k% 75. : .

1-(2,3-Epoxypropyl)theobromine (XXXIX) 37 mivHryva 97g % 400 ml. o epichlorohydrine
L l4hr. By, % 1 OB LAKCAEL 708 OHEEREE (69.0%).

1-(2-Hydroxy-3-alkylaminopropyl)theobromine (XL)~(XLIX) % 1-(2,3-epoxypropyl)theobromine &
FIvIDTA7 4 ) VRO LAKCLEL BN EE.

1—(2—Benzoyloxy-—3—alkylaminopropyl)theobromine (L)~(LI) 1-(2-hydroxy-3-piperidinopropyl) % X Ot
1-(2-hydroxy-3-morpholinopropyl)theobromine & BzCl Y v 5+ 74V vRoOGEELAKCLEL, BN
15, )

B D iclEz, MEOKE Y2 bhic AAFEKR AR HT ik, #HEEE, HEE 2 W W RE
EnE BE WMEL, PEFE MELEEL SARE FHEIPEICES B LET. LRk eD
Phe b bl Ba OB RCHELERLET.

A A BT RA S AT RT
10) %k, fib: BIFEEEAREE, 12, 405 (1960). 11) &#: HATEEEE, 26, 407 (1962).
12) et% @ HATEHREE, 26, 419 (1962). 13) 4% : HIELMEE, 57, 116§ (1961).



