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Synthesis and Pharmacological Effect of Morphine Phosphate Esters?
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In connection with our previous findings that morphine 6-glucuronide and’ morphine
6-sulfate, although highly polar conjugates, induced potent analgesia, synthesis and
analgesic effect of morphine 3- and 6-phosphate were investigated. Chemical synthesis
of these phosphate esters was accomplished by utilizing cyanoethylphosphate as a phos-
phorylation reagent. Analgesic effect of both compounds in mice were found to be about
the same order. of magnitude as that of morphine when injected subcutaneously or in-
tracerebrally.  The tonic extensor convulsion was also observed in mice when morphine
phosphate esters were injected intracerebrally (100 pg/body). ‘ :

Morphine (3SEI L LTH L LAV DRTHWAEERTH D, T DR ONTEH 2 h & T4 oFFERn
3%. o B o
BT, &Rbize bRk @%’Iﬁ@%%ﬁij}%h‘%ﬁé@%ﬂﬁ%ﬁ% & LT, =Y 7= » morphine-3-glucuro-
nide (M-3-G) wimz BIfR3H 6-glucuronide (M-6-G) DEFZERIL LdTH LI LT3 B Zh LEBEEDE
glucuronide REHNT, FEMICL b, KA DBRISME { ERM I AA~THES L 5 7 DRI T 7
BEYLE LD TCofe. FE, Woods? 13 morphine D:RMYTH 5 L5 M-3-G 1212 4 EHE 23500 5h
BOCEERELTIY, COZLRELBETHNLY KX - CLHBSh T3, .2 Ickt L morphine mg|
I B M-6-G 1ix morphine F X ) LEAVCEIBEA DS 15 b THC ~EFE R B S h
7o Bl st morphine-3-sulfate (M-3-S) %k ¢¢ 6-sulfate (M-6-S) DEREFTILV, Thb OBEEER
COWTHR LR, 74 2 — AMoKBEORBAAH M-6-S 13 L5 M-6-G & F R DB SIS
BBBEERRAGELLY S h b o MR & EBORERIE R 25, Oertel 3 X o8 Eik-Nes? i3 & b D My
WAF®A FALEVDY VBR= ATV DFERER BN LTE D, Botte 3510t Koide® |32 0y V= AT L
MY O % » phosphatase 12 X b IR EN BB, BLOWERERENRLIS 2 L2 BE L, Rid
AN AR P TR BR T B B R 1T T8 o T B D TIR D EHESR L C s 5 | '
LMBRATWB LS, ¥ V= AT MEFRERENC 364 Tl X o TEBEL SR E LT 5 4, B 2//1
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e s TRBED L Z ABABY TDF 7F AT § v O 2, H;,FE(C@*; =/ —VEORED Y V=
AFNERDEIHRD DR THS. L LHRD L 5 7o morphine conjugates DIEf AT v A FV V= X5
AEBET MR EE R LIcHE, morphine @ 2 0D ) VE = AT, $TRbBLEDT =/ —AHIKEEIT Y v
BEHEA L »morphine-3-phosphate (M-3-P), 8 X O 7 Lz — AMIKEREE D ¥ V= A5 T4 % morphine-6-
phosphate (M -6-P) #Fi-ich BEL;;}%%@%E{’FHEJKOL\VCﬁ‘H‘é TERXEDLDTHEED B & &EZDR
B. ZDX 3B bAEES M-3-P, M-6P #4R L, T DO~ Y ARBT 5 FHEIFAIC O THRE L.
L LRFVRARIEC DU T h i morphine FATMEAY O Zh LB LooBEd #1775 - fo.
2 B o B

RSV B A B ﬁﬂﬁ?ﬁ'%%ﬁ%ﬁ)ﬁ L, TNCRHMIE, iﬁi%%’(l{l%'\ﬁ F A DWERT T KBrgec JASCO
DHFEER DS-301 B, RAFRIRA<27 b L oREXEEETSEHER SV-50A B Hu .

- Morphine-6-phosphate (IV) Q&R 3-Acetylmorphine (I) 1.18 g % X ¢ cyanoethylphosphate (II) 0. 03 g
%K pyridine 30 ml MR L, WMETHRKREE TS, BEcsKk pyridine 30 ml » MxFEREBEL, <

DB 5K 2 HFEELTKYIEZHRE L. BER &K pyridine 42 ml % L, dicyclohexylcarbodiimide
(DCC) 8.65 g % nx SWMME. # 50 Brfits, KISWK 50ml % inz#Feo DCC 245 @ Lico b ABEL,
A¥% pH 9.0 wwigik L« CHCly-iso- PrOH (3:1) 100 ml © 3 EHHE L, FEIED I & X morphine % f&

BT 5. KBTHEEZE L, ¥2ko III » 1.7g E7%. III % 5% NaOH-MeOH 70 ml & 5 Lihis ;- 120°
T 30 S EmET A, B 10% AcOH © pH6.5 ik L, WE T T 50ml i, = hu Dowex 50.
WX 4 (H #)100ml o* 5 2@ L, BiEEK 1liter CH%ELTCOL Y vEi=A 5 4% 0.158 NH,OH 5%
32 OkZEM0°). FHELREEEZEL, BEYKNOEERTSLEECHERER 0358 nEBbhi. 270°
TRE, 295° F CRiAE L7c\w. Anal. Caled. C,;H,O,NP-H,0: C, 53.23; H, 5.79; N, 3.66. Found: C, 52.86;
H, 5.59; N, 3.58. UV A%% " my (log ¢): 286 (2.82); A% ™08 my (log &): 300 (3.08).

Morphine-3-phosphate. (VII) @& . Morphine-6-phosphate (IV) & R iz &R L . 6-Acetylmorphine
(V) Llg HoE\EMRRER 0.3g BB Shi. REMIT 295° ¥ TR L 7. Anal. Caled. CyHyONP-
H,0: C, 53.28; H, 5.79; N, 3.66. Found: C, 53.00; H, 5.84; N, 3.73. UV A% mp (loge) 280 (2.80). UV
A% NeOH my (log ¢): 283 (3.00).

Morphme Phosphate Esters @7 LA 1) i Phosphatase =X DIk Morphine-3 % X ¢t 6-phosphate
10.5 ymoles, H,O 3.0 ml, 7 & 2% ¥ # phosphatase (Sigma, 20 units), tris buffer (pH 8.6) 5.0 ml % & ¥r AW
# 37° T 30 BB incubation 1 7%-#%, incubation mixture iz CHCl,—iso-PrOH (3:1) 10 ml %1% 5 4 i
%, BOSBBEFRERBLIACSy P TRK - . ARFL IO 2EEEL, FREEBLE L TEmT
TR, BETCERERE. 3ok PO, FCHEZRL, BEx MeOH ML <CTFRyA A s e <t /35
74— X D #EREE L /. morphine % E& L. % OiEHE morphine-3 ¥ X 8 6- phospha.te O MK REIL

ZFh 91.8% w X0t 90.1% CIRISHETHH . '

HRZ AT bS5 7 4 —Ic&% Morphine OFE  BHIIKRE AL + VILRHBELER L BBE Y Ao n
=+ 27357 (GC-1C) % EMH. # 5 21% 1.5% OV-17 % 2 —5 4 v 7 Ui Shimalite W %, U ZHH5 5 2% 5
A (FE 2.625m, JR 4mm) I L, hexamethyldisilazane YFE% LCAV . # 7 2RE 230°, RptE
R 250°, BB IE 240°. + ¥ ) ¥ H AL LT N, % v, ¥ 30 ml/min & L. E&AREE morphine
D 3—10pg »° 2 pl WY T 2B HMCEA Lic, Morphine Bix € — 7 0 S 2 JE L, WAMER LARE
LR B EH L. ‘ _

EREY—FT N CHE 18—21g o dd-Rlf~ v A fv, —8% 10 Br L.

BETHRE——~ 7 20 EHME T CEYHBK 0.18—0.21 ml % 4 L.

WA E—HEBE LY 2.0mm ORI PAZIRS LS CERIRAE 0.44 mm DEHFE R LI EHG
BHAL, <y ANBEREELL ) MACEDBEK 250 ZEA LK. '
. Hot Plate X(Ck ZE/MERDRE KB LT 55° KB TMBEIE Lo~y A% B, BRELD5H

DL B ERBRIGOHEEL L, AR ETOMKEL LD 28{Fs X OB FIXKRN L. BYBRER, 30 458
T2, ERRIGERE CoORBEYEA 0y R OWTHEL, 2 BoREEHMS 15 BUNOSHY © 2458

R Ave. SUBEROHER, EYBREBRORFBERISHEABEAKSN 2 HoFERHo 2 EH Loy S
7 A <‘: L, #EBEEABMEE LA, 32 Selch WS @ErEaEts L.

9) W. Troll, S. Belman N. "\Telson Proc. Soc. Exptl. Bzol Med 100, 121 (1959) ‘W, Troll, AN Tessler,
N. Nelson, J. Urol., 89, 626 (1963).

10) F.J. Darby, M.P. Heenan, J.N. Smith, Life Sci., 5 1499 (1966); A. Bmmng, F] Darby, M.P. Heenan,
J.N. Smith, Biochem. J., 103, 42 (1967).
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Haffner Z(C X PHBEROATE  Ehks 30 HSHie, =~ v A0 ERL v 3mm OEH% 500g
COENEEFETIHIR Vv A THEE, 6 BLUAKS LARBEIYAEER? vy Ahimo BIfE (BRRBRIG) &
ARTEYOAERERCHAW. EREAOHEIEYREE, 6 BLUAKS LARZEVEE®IR 7 v v £, 5
CVWRBREIRO DD BEEE R TS BB EAREE L, LR8I ok mE R WEBAYHE
SEERBYE & LUk, fkﬁL%%ﬁbﬁ<ﬁ@m9V/}%%bﬁ%k#&0<&# D BEERRE I B
BRIETTR, =4 FAELT, 77ARBIO A FRAOWH B L.

. Morphine H1HELEMOITVRAREOER MWEA%@%FW%@@%éﬂﬁkﬁ&f‘7¢xmﬁ.
- #» morphine FHEMAEEA LB BT 2T VA%, Y%%@(mmmgwwwbﬁﬁﬁHLhA,ﬁﬁﬁ
PRFVAAZEEREEL LCHRELL. .

Morphine Phosphate Esters Q&R - ,_

Morphine phosphate ester D &RICBIT 2 MEITBHAEE TE » %X %ufonvcu g\, RIE Tener,' Roy'™ i
X O% Montgomery'™ (3% 7 v ¥ Fit ) VEBEEREAT LB, MEAIELTDCC xHWD & LIRX Dig
Mic T ) VBIERIERF78 - T b, IS FALEY 34 DCC 2fEaHIE LTHEATS Y vIRERIG.
R TIE, BaD) VEMEAR OHT cyanoethylphosphate 738 & EFICEA SR 5 5 & BT 5.

%:f%%wimmmmmmmmﬂ@@ﬁ@%é&@ﬁm,%h%mgmmwmmmmﬂnﬁgwm&
acetylmorphine V) 2ERERE LT, cyanoethylphosphate (II) X ¢t DCC iz X % morphine-6-phosphate
(IV, M-6-P) 35X 0% 3-phosphate (VII, M-3-P) DAREFTIR»7c. Fig. 1 w2 h b OARBRER 2R T

v‘~

'2

(In
NCCH»CHzoPOst 5% NaOH in MeOH
DCC in pyrldme
- RO

I RIZ—_COCH% RZ—H III Rx—*COCHs, Rz—“P OCHQCHQCN IV R1—H Rz“‘“P O‘
Vv Rl-H Rz——""COCHs 0 OH OH'

I : ' . ] .
VI R,= —IT*OCHZCHZCN, R,=—COCHs VI : R1=—El’—0‘ , Re=H
OH ’ OH
Fig. 1 Synthetic Route for Morphine Phosphate Esters

3-Acetylmorphine (I) % 5\ % 6-acetylmorphine (V) & cyanoethylphosphate (II) * D& KIGI13, =E
© DCC DFETFRRIERAR -1, RIGERIEE 7 v<+ 7574 =10k » THRELE 2%, < OEEEHT
DI, RIEFACE M6-P SROBAETH 50 B, M-3-P AHOBAIH 80 MM BE: L. Rita
12IT588E Lictk, RIGBRCKE ML CGRFEIO DCC 24U, ABLEE, ARE 7VE=7KT pHIO K
FHE 1, CHCly-iso-PrOH (3:1) OB CTRIRIED 3- H B\ ik 6-acetylmorphine 35k OHKS R Ic X DAL
7= morphine Z#H L. ﬁﬁ%ﬁETL%ﬁbfﬁméﬁ%(HI%%MRVD%ﬁAﬁ%E&LT%L III
%5\ VI @ cyanoethyl it X O acetyl Fix 5% KEEF F U v AD X & ) — AR CIRMEST B & &
L OVBEHCBRETE L. & ORIGHER L EHR CHAEIRGE LT, Dowexb0WX4 (H ) 0 7 A LCRE
X, 0158 07 vE=7THEOY vB=A7 4 (IV BBk VII) OBEMEFEY, FhEhifike LT
ﬁé:&%ﬁ%ﬁ;IV@%@%%&MZ&ﬁbwﬁ,%ﬁ@%ﬁ%@%#&?»%U&Lﬁxéuakiqf@

11) G.M. Tener, J. Am. Chem. Soc., 83, 159 (1961).

12) J.K. Roy, D.C. Kvam, J.L. Dah] R.E. Parks, J. Biol. Chem., 236, 1158 (1961).
13) J.A. Montgomery, H.J. Thomas, J. Org. Chem., 26, 1926 (1961).

14) bm\ =, “EEBEKBRER W7 IR, 1968, p. 80.
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#7r bathochromic shift # /R4 &b E LD E, 7=/ —AHKBELRELTLS LB ITH D,
75 VII Tz D X 5 7eZ8{tix % 63" morphine-3-phosphate BN I hic, BRI A R 27 b AT
1% IV, VII & %z 2800—2400 cm~! )z, morphine glucuronides,'® morphine sulfates,® codeine glucuronide'®
3+ X 0% nalorphine glucuronides'® DA L FHELIBAEVGVERINSRSNE., ThbDz Eanb IV, VII L Fig. 1
RS X I zwitterion BER IO EAE L bR Fie IV X0 VII 3EROBILMOLET 744 Y
{4 phosphatase iz X b BEWCINKG ik 2 Ol morphine %4 L, cDZ & R RN /@I—K T v D
&I hic.
Morphine Phosphate Esters 7 F55s OE sec,”
- 30}
M-3-P, M-6-P %t 50N & LC OB
morphine %Y V¥ ARWICHEMRL, chi dd-H
Hi~ v AR ERZh 7.0 mglkg FEE TS LT,
RERFANC ZF OFURIER % hot plate 310 1 X
DRE L (Fig.2).
COFER, M3-P 5sk0t M-6-P ik bicks
1R 30 ik 60 S CERBIEMRSRARI L D, 3
BRI I DIERIERT A E N B2 &
787z 7 phosphates o fRf DRI s
YO — 7 24 21%, EE morphine %k &
I X LB L 7. D& 1ilj phosphates

DEES 45 5 (E— 27 24 5) T8 H‘Z)%EFT’F Fig. 2. Analgesic Effect of. Morphine Phosphate
% hot plate ¥ 755 (0 ic Haffner 319 i ' Esters and Morphine Hydrochloride in Mice

o

20

Latency of pain respohse .

10 -
T B¢
0 1 2

Time (hr) after drug injection

The drugs were injected subcutaneously in a dose of 7.0 mg/kg

X b P E L, i Z i D ED;y % Litchfield- and analgesic effect was determined by hot plate method.
. X —— X : Morphine hydrochloride
Wilcoxon 5 1 X W B L7 (Table I). A—A: Morphine-3-phosphate

Table T #» B % St k5 @, M-3-P %10 @ —@: Morphine-6-phosphate

M-6-P & EDs, 12 & %I morphine B D th b ABECHELRL TS, Tivbb, KT L5 Tk M6-P
D%47e B3 M-3-P 4 morphine & RBEDCEFRIEMLH LT 5 I LRBLHITE - .

TasLe I. Analgesic Effect (ED;,) of Morphine Phosphate Esters and Morphine
' Hydrochloride upon Subcutaneous Injection in Mice

ED;, (mg/kg)

Drug
Hot plate Haffner
Morphine hydrochloride _ 3 96__09 0) “ 06-2) &)
Morphine-3-phosphate 3 85;—88 9 ; @ 95;89 D
Morphine-6-phosphate 3 65—89 0 T e 96._09 By

Values in parentheses indicate 959%, fiducial limits.

15) H. Yoshimura, K. Oguri, H. Tsukamoto, Tetrahedron Letiws, 1968 483; wlem, Chem. Pharm. Bull,
(Tokyo), 16, 2114 (1968); idem, ibid., 18, 209 (1970).

16) H. Yoshimura, M. Mori, K. Oguri; Chem. Pharm. Bull. (Tokyo), 18 2548 (1970).

17) G. Woolfe, A.D. Macdonald, J. Pharmacol. Exptl. Thevap., 80, 300 (1944).

18) F. Haffner, Disch. Med. Wschr., 55, 731 (1929).

19) J.T. Litchfield, F. Wilcoxon, J. Pharmacol. Exptl. Therap., 96, 99 (1949). -
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TasLE II. Analgesm Effect (EDj,) of Morphine Phospha.te Esters and Morphme :
Hydrochloride upon Intracerebral Injection in Mice :

Drug ED;, (ug/body)
' Morphine hydrochloride : NG (0.49—1.25)
. Morphine-3-phosphate \ 0. 80(0.50—1. 30)
Morphine-6-phosphate’ : ' 0.79(0.49—1.28)

Values in parentheses indicate 95% fiducial limits. =,

. Morphine Phosphate Esters QA Aﬂéf@ﬁﬁrﬂs )] :

M-3-P, M-6-P 7¢ 5 (N iffE morphine % Y v 4 /I/?&‘LZ’“@L 1.0 pg/body @&5;(%;}%%2&7 ?X@B W
WAL, Hafiner 319 1k 0 GUBIRA%IIE LAckER, WITh ARG CHRERELh, %O Rk
L?‘:%%Faﬁbi&?x% 15 5 Chote. 58, VvV ARG OIPEATREURIERIRE - e SRD B e o

. Xz "C\_;}’L 5 @Z{E’f 15 I sl 5 thFh @ED50 % L1tchﬁeld~W1]coxon &;19) Kk hEHLE (Table
,II). :

% OfE, M3P fLot M6-P i3, Humﬁxﬁ%kmxf% &:T&%@%A& R morpmne HH & [‘J%
§@£§ﬁ{’ﬁﬁ%ﬁ%ﬁ‘u— LRSI TR - T

Morphme Phosphate Esters 5% Morphine 8 E{LAMITV A SRAE

Bab Lie & 3 1c43% 5133 Clc. morphine sulfates o BT 5B DS IEFIC D T Licat, BEX bio
P A O RAEAR OSUREEL HIE L. & & DB I\ T morphine-3-sulfate (K ) % < v ARPIC
EALRLE, $HEERL Vb THBEVCARTTWRARRETS 2 L %P5 0K L. 4[E o morphine pho-
sphates 120U T ARIC WM ARIER R SR 5 BN RET 5 & L QLI RED 5 - & & Ebhkb.
& &5 TR morphine [ZGURE D 100—200 SEEZHRGTHH, TUWhARRET S 2 L 25T 5.2
Licdiw C4[EE, morphine phosphate esters, morphine ethereal sulfates 35 X ¢% morphine glucuronides o

BPEAR X 30 AR OWT, FHICHRLY1TR5 BRIC, ThbEYOMAEAR DO 50% SR
B 100 5%~ v ARNIEAL, FORERTBIVRA Nﬁﬁk:op\ﬂﬁ?\} Liz. & O#EFR % Table
W Ry, .

Table III X nBS X 5 =, morphme phosphate esters 33 o morphine ethereal sulfates % 50% 4
‘rg@ 100 FELZEATS &, EAEBRI, BAREFEIE, Fsﬁﬁ’l&ld‘b\h/u, B THEEFRTVWRARES
L, 2l dFEA 1 LML L. %7 morphine glucuronides 1%, = DWABTIEWThOBAK D
VR AR IEE Uit o 7e. —J7#Fk morphine Tix 30% 2 hARES L, H54% 5 SR TREE L.
dok, WBELTY VI ABEDRERAREALTS, H‘Lﬁh&@%ﬁ%’?ﬁt@]bi& bhieds fz. DEOHERL

,TABLE III. Convulswe Effect of Morphine Hydrochloride and its Conjugates
upon Intracerebral Injection in Mice

Compound " Dose (ng/body) % of death with convulsion
Morphine hydrochloride ' 100 ' 30
Morphine-3-sulfate(K-salt) 100 ' 100
Morphine-6-sulfate : 2 R 00 I
Morphine-3-phsophate - 100 , ‘ 100
Morphine-6-phosphate v : 100 100
‘Morphine-3-glucuronide 100 o 0
Morphine-6-glucuronide v ) 2 o 0

20) RFEERF— 5. _
21) E.F. Domino, Ann. Rev. Pharmacol.; 2, 215 (1962).
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9., morphine phosphate esters %3 L0t morphme sulfates ERMAEA ST, b & THRF ﬁsﬁ 7\_. ‘morphine-
H&EXDY %%$V\-HL‘%’L/\JZ’J=%§?5 L vbds o oo ok 01, morphme phosphate esters 0 H‘ N ;}fL A
TEARRTDOL DL BIEATH S & - &R LT3

% o=

%% b Seic morphine ¢ glucuronide % ethereal sulfate ® X 5 /eiEfE LA W R G AVEIER 2T 5 = &
G Licds, 4H5[#EE morphine » 2 DY Y= R 7 A3Vt morphine 3- 35 L % 6-phosphate %/
‘ FHRCARL, £OSREHEIL OV TRE Lc. ZOHE, Y YEB= A7 A LbRET 5 X ORAREDOVL3
s\ Th, morphine’ g & MBEOMBIFALHTS S E2WLMIC Lie. Zh 5D 7 4 » Yk phos-
phatase 12 X 2 HEREIE S KR, BE O @&%i@)ﬂ%@fg@w\]"ﬁ%%x_ 5%, WY VB=AFACLS
FHRFRRERZTOLDR I VREERA LI :EL DX 0D, 1 UABEENIKS T X v L 7- morphine Jz.
X2DTRIGWHEHEE IR D, LA Ladnd, BRAKEICIEETEIORMACEE LSS, B
morphine OFE L F URHCEEEEO Y — 27 24 Azﬁﬁbha &, BBORMAEARIC 38 TIRE 5%
Ebic, Ld morphine HE X VERCFVRARERA TS Lob, ChbOfEfIEEE: LTRAKIDD
DX BIEH TR A ) s LRI iz, 7ainb o h b OFANTAE DK X b3l L - morphine 1.
£ 2bOTHIUE, WAL 2SEIEAOE— 7 & 413 morphine DEN L VSPY LHBR B LD LA
BINEFRTOVRARECR TS, BRIEORBRIIF—T, %@%ﬁ%&'ﬁm?@%&mxﬂ#@ﬁ%& T2 BIx3™
EnbTH%. ‘ a : :

%‘%Bi)a\_hi'&k JiSELﬁ: morphine EMED 5 b, BMASBIERRALRADIIWTh $ F D 6 (s
fk (M-6-G, M-6-S) T, 3 frfiffk (M-3-G, M-3-S) 1z DX 5 RlEIRBD bRILH - 7259 & D & Lhrd
E2bE, VVBAAKCENTOL 3 MEAEIIEERD &ﬁ'm:na?%%kki%ﬁm&%ﬁ% ¥ 7z M-
3-P, M-6-P #:5.0c 1 % 84 /E 2% morphine »Fh b HE DI b LT3 = & %TE&%T »%. HEow#
REZRT 58, SEADOICTHY YA GOMRIER S, REGLOL DI LB DB, F IR L
morphine 12X % DM OWTIEA B I IR IR ERETH S ). . ‘
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