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Synthesis, Spectral Characterization and Biological Activities of
Phosphoryl Amino Acid Esters
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Abstract Phosphoryl amino acids and phosphoryl amino acid esters, as phosphorus analogs of amino acid,
have attracted much attention because they show wide biological activities. In this paper, the title com-
pounds, 2-isopropoxy-(2-isopropyl-5-methyl-cyclohexyloxy)-phosphoryl amino acid esters, were synthe-
sized in the presence of sulfuryl chloride with reasonable yields. Their structures were confirmed by IR, 'H
NMR, C NMR, *'P NMR and MS spectra, and the antibacterial and antitumor activities of these com-
pounds were given in this paper.
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IR H1 Nicolet AVATAR 360 FT-IR #Hic 3%, JALAIE
J; 'TH NMR, *C NMR #1°'P NMR i Varian 500 Hz #{%
MM 5E, CDCl; HEEFR], TMS KW 4Ar; MS i Bruker
ESQSUIRE-3000 25 284 J5t i 430 a5 v 43 3% 0 i i
Waters Micromass Q-TOF Micro JFii {3l 5 (F 46 Mok
L), JiE{d i Perkin-Elmer 341 automatic polarimeter
WI5E; M3550 BRI EEE 570 nm, 5K 655
nm).

(H)-Tfr e, —SUBE FAmE. WORBEE. =k
1% F SR 1) O 7 B 4.
1.2
1.2.1 1

BEREAMER, mAHE 0 CHRIZESR 138 g (10
mmol) ] =S BEFT 20 mL S BE 50 mL 84 118
I 1 mmol [)(+)-FE I, JRVZ) 6 h. JEZ
B 20 B B = B, EhEE BB 1 h,
WRIEHPIR Y A . B K %R 20 mL ) S
KCH R, VKB4 A T R I alm (VBT 1) - v G
B)=1: 1] 20 mL 8. 0 C R4 1 h, RJ5
27 0% T 1IN VLR )l PR S A s R s S A 7 TR R pHL
27, 4, KA SRR Z K, I, H
/KR PRAN 55 ok 8, WEZ8BR Lu ), 1M 2.26
g FERHENT B V(LR OER) - VA k) =5 : 1, 15

FIRFOIAR 1 2 1.95 g 773K 74.4%.
122 2

1 1.31 g (5 mmol) AL &4 1 % T 15 mL ) — &
Ferh, fEUKIESRATES, S8 AR S 0.4 mL BV 5
WP, P R B A ORI Ok, KEY 10 h. TiEAKRR
ZWA, AR AR 2.
123 3

A 2(29 1.30 gy T 15 mL S HEerh, FHm
AZ] 6 mmol [FZ MR I NEHE IR, TRUKA ST T 2%
M I = L (4 mL) B -G h, 2 I T R 2 s ik,
RVZY 1 he JRZEER LR, INAGE &KL = L% ER
SEAE, PN 30 mL PR AR, . KM 2%
CERAE 3 &, P & PR —Ik, IR,
HTCKIRBR N TS, BEZRR WA, #uay 3. 1
VIR WOR SO B s an R

3a (R=CHs), O-JF N H-0-2-5 N H-5-F ) IR
FEWE AL -L- 0 2 R TR, [ AR, T AR 84.5%,
[@]) =—543 (¢ 1.00, CHCL); 'H NMR (500 MHz,
CDCl3) J: 4.61~4.58 [m, 1H, OCH(CHj),], 4.15~4.05 (m,
1H, NHCH), 3.92 (t, J=6 Hz, 1H, NH), 3.71 (s, 3H,
COOCH;), 3.30 (dd, J; =11 Hz, J, =23 Hz, IH,
CHeyelohexyl)s 2:25~~2.21, 2.00~1.95 [2m, 2H, CHeyeiohesyis
CH(CHj3),], 1.78~1.35 (m, 7H, CHeyclohexyls 3CHacyctohexyl)s
0.94~0.82 (m, 18H, 6CH3); *'P NMR (81 MHz, CDCl;) ¢:
5.74, 5.01; *C NMR (125 MHz, CDCLy) §: 173.93 (CO),
77.27 (Ceyelohexyt)> 70.28 (OCH), 51.58 (COOCH;) 49.62,
48.14 (2Ceyeionexy)s 42.27 (NHCH), 33.65 [CH(CH,)],
30.98, 25.07, 24.85 (3Ceyetohexyl)s 23.30, 22.30, 21.55, 15.27
(6CH3); Exact MS for C,sH3NNaOsP" m/z: 386.2072;
HRMS m/z: 386.2068 (M+Na").

3b (R=CHjs), O-FHI-O-(2- N FE-5- )ALk
WEBEIL-D- TN 2R G, R, =% 89.1%, [aly =
—44.0 (¢ 1.00, CHCLy); 'H NMR (500 MHz, CDCl3) §:
4.61 ~4.58 [m, 1H, OCH(CHs),], 4.15~4.05 (m, 1H,
NHCH), 3.92 (t, J=6 Hz, 1H, NH), 3.71 (s, 3H, COOCHj3),
3.30 (dd, /i=11 Hz, J,=23 Hz, 1H, CHeyeiohexyt)s 2.25~
2.21, 2.00~1.95 [2m, 2H, CHeyeiohexyts CH(CHs),], 1.78~
1.35 (m, 7H, CHeyetohexyt, 3CHaeyclohexyt)s 0.94~~0.82 (m, 18H,
6CH;); *'P NMR (81 MHz, CDCLy) o: 6.01, 5.30; °C NMR
(125 MHz, CDCly) 6: 173.93 (CO), 77.27 (Ceyelohexyl)s 70-28
(OCH), 51.58 (COO CHs), 49.62, 48.14 (2Ceyelohexyl)> 42.27
(NHCH), 33.65 [CH(CH,);], 30.98, 25.07, 24.85
(3Ceyeiohexyt)s 23.30, 22.30, 21.55, 15.27 (6CH;); Exact MS
for C;sH3,NNaOsP" m/z: 386.2072; HRMS m/z: 386.2076
(M+Na").
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3c [R=CH(CHs),], O-F7 N 3-0-(2- 7 N 2E-5- L) BR
O BEMEL-L- 22 R R, ARy, 7% 86.5%,
[a]f) =—48.5 (¢ 1.00, CHCl); 'H NMR (500 MHz,
CDCl;) 6: 4.61~4.55 [m, 1H, OCH(CHs),], 4.11~4.06 (m,
1H, NHCH), 3.86 (t, J=6 Hz, 1H, NH), 3.72 (s, 3H,
COOCH;), 3.09 (dd, J; =11 Hz, J, =23 Hz IH,
CHeyelohexyt)s 2:27~2.13, 2.05~1.96, [2m, 3H, CH,yciohexyi,
2CH(CHs),], 1.65~1.35 (m, 7H, CHeyetohexyts 3CHaeyelohexy)s
1.00~0.80 (m, 21H, 7CHs); *'P NMR (81 MHz, CDCl;) ¢:
6.56, 5.79; °C NMR (125 MHz, CDCl3) 6: 172.95 (CO),
77.00 (Ceyetohexy)s 70.18 (OCH), 59.41 (NHCH), 59.12
(COOCHs3), 51.12, 48.06 (2Ceyciohexyl)> 42.22 [OCH(CHs),],
33.58 [CH(CH;),], 31.81, 24.90, 23.30 (3Ceyciohexyt)> 22-16,
21.45, 20.51, 18.30, 17.31, 15.10 (7CH;); Exact MS for
C1oH3sNNaOsP * m/z: 414.2385; HRMS m/z: 4142377
(M+Na").

3d [R=CH,CH(CHs),], O-7WN#-0-2-5 HHE-5-H
B OB AL-L- 2 R P R, iR, e
76.8%, [a]y =—33.4 (c 1.00, CHCL); 'H NMR (500
MHz, CDCl;) 6: 4.58~4.60 [m, 1H, OCH(CH3),], 4.05~
4.15 (m, 1H, NHCH), 3.92 (t, J=6 Hz, 1H, NH), 3.71 (s,
3H, COOCH;), 3.33 (dd, J,=11 Hz, J,=23 Hz, 1H,
CHeyelohexyl)s 2:23~~2.25, 2.00~1.95, 1.80~1.76 [3m, 3H,
CHeyetohexyt, 2CH(CH3),], 1.65~1.35 (m, 9H, NHCHCH,,
CHeyetohexyt, 3CHaeyclohexyl)s 0.94~0.82 (m, 21H, 7CHy); *'P
NMR (81 MHz, CDCly) : 6.02, 5.31; °C NMR (125 MHz,
CDCly) d: 173.93 (CO), 7727 (Ceyelohexyl)s 69.94 (OCH),
52.33 (COOCHy3), 51.02, 47.96 (2Ceyeiohexy)s 43.33 (NHCH-
CH,), 42.04 (NHCH), 33.48 [2CH(CH,);], 30.79, 24.70,
23.66 (3Ceyelonexyl)> 23.08, 22.06, 21.41, 20.39, 15.27 (7CH,);
Exact MS for CyHyNOsP* m/z: 406.2722; HRMS m/z:
406.2719 M+H").

3e (R=CH,COOCH;), O-5N¥}E-0-(2- 7 A H-5-H
)N IR EAL-L- R A2 R P e, iRy, r- %
83.1%, [alhy =—27.3 (c 1.00, CHClL;); 'H NMR (500
MHz, CDCly) 6: 4.56~4.50 [m, 1H, OCH(CHj),], 4.12~
4.02 (m, 1H, NHCH), 3.75 (t, J=6 Hz, 1H, NH), 3.68, 3.62
(s, 6H, 2COOCHj3), 3.50 (dd, J,=11 Hz, J,=23 Hz, 1H,
CHeyelohexyt), 2:24~~2.10, 2.05~1.98 [2m, 2H, CHeyeiohexyis
CH(CH3),], 1.67~1.63 (m, 2H, NHCHCH,), 1.33~1.10
(m, 7H, CHeyetohexyty 3CHaeyclohexyt)s 0.94~~0.79 (m, 15H,
5CH;); *'P NMR (81 MHz, CDCl;) J: 5.82, 5.22; *C NMR
(125 MHz, CDCly) d: 171.77, 170.60 (2CO), 77.75
(Ceyetohexy))s 70.64 (OCH), 52.06, 51.36 (2COOCHj), 50.68,
48.16 (2Ceyeiohexyt), 42.22 (NHCHCH,), 38.14 (NHCH),

33.68 [CH(CH,);], 31.06, 25.12, 24.95 (3Ceyciohexyt)s 23-35,
22.35, 21.60, 20.53, 1549 (5CH;); Exact MS for
CoH3;NOP" m/z: 422.2308; HRMS m/z: 422.2307 (M+
HY).

3f (R=p-HOC4H,CH,), O-5FHNFE-O-(2-5+ N FE-5-H
BE) PR UL B A0 -L- T 2R TR, iR B iRy, %
89.0%, [a]y =—13.5 (¢ 1.00, CHCl}); 'H NMR (500
MHz, CDCl;) 6: 8.65 (s, 1H, OH), 6.96~6.94, (m, 2H,
meta-Ph-H), 6.80~6.78 (m, 2H, para-PhH), 4.54~4.42 [m,
1H, OCH(CHs),], 4.18~4.10 (m, 1H, NHCH), 4.02 (t, J=6
Hz, 1H, NH), 3.65 (s, 3H, COOCHj3), 3.20 (dd, J;=11 Hz,
J,=23 Hz, 1H, CHyeiohexyt)> 3.-00~2.90 (m, 2H, PhCH,),
2.24~2.08, 1.80~1.74 [2m, 2H, CHeyeiohery, CH(CHs),],
1.65~1.35 (m, 7H, CHeyelohexyls 3CH cyciohexyt)s 0.94~~0.82
(m, 15H, 5CH;); *'P NMR (81 MHz, CDCLy) 6: 5.20, 4.54;
BC NMR (125 MHz, CDCL) d: 172.57 (CO), 155.90,
129.63, 125.71, 12551, 114.91 (Cpp), 77.75 (Ceyelohexy))s
70.69 (OCH), 55.41 (COOCH3), 51.16, 47.89 (2Ceyciohexy)s
41.97 [CH(CHs),], 39.06 (NHCH), 33.41, 30.72, 24.66
(3Ceyetohexyt)s 23.01, 22.06, 21.38, 20.38, 15.27 (5CH;); Exact
mass for CyuHzoNOGP © m/z: 456.2520; HRMS m/z:
456.2529 (M+H").
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2.1

FRAE SCRR[OTRIE 1K1 572, FH Abuzov J Wi il #5453 2
it rF O AR T SO B R IR (L), SR FH T A 1
WY U, IR B A = R 40 6l
HAFE] O-FNHE-0-(2- 7 N HE-5- ) IR CUL B BEAL 2
FE1% F .

LTI PRI BB A 2 R R 1) B J O i1 0 e Ay
e e, SRR 2, A SR, Ttk
SN JEORME R S 15, AR, &I, B A 3
HR PR, BTSRRI S B A, e, 2
A R R B R AT AR E Rk —

22 IR

3a~3f MILLAMEREAE 1660~1676 cm ™' (s)H TR
WS U, i B ) A 4R Bl R I U (ve—0); AE 3402~
3448 cm ' ()T BRI, ERI R N—H 3R SR
W (va—pr); 7 1225~1246 cm™ ' (s) A7 SMWR IR, e e Ui
RIS (ve-0); 7E 1009~1074 cm ' (s)H &1
XU e, 2 P—O—C T RSB IE (vp— o).
KR WX LA S L D5 30 It ST Ik e
TR AR U . S
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'H NMR

k&4 3a~3f 1] "TH NMR 1E 0 4.8~4.6 B/ i,
n[HJEh OCH(CH;), EIEJR T 75 6 4.05~4.15 [ffix
# s AT 2 Eig, & PNH ERER T
2.4 CNMR

b &) 3a~3f () PC NMR 7 6 175~170 -
U, TT S T BE R O=CNH fiiJ5i 1.

25 *PNMR

&9 1 1 °'P NMR 7 8 6.0~4.5 o2 PYH 5
W, Al U JE T AR IO, A TH-'P A G )
PAAIE, P AKIFRIGBER A S) IR — AN, 1%
PERESY IR 6 7.0 4.0 Ze4h, ARG JLTE R a1 &2 4y,
HAREHE Jpcnyst 684.9 Hz, WL 5 2| PYHER
W, K& 3a~3f 11 3'P NMR 7 6 6.0~4.5 B2
W, 2 P AN AN KRBl I L B T 1 Y T v B D 7 T Ve

2.3

2.6 MS

AR 1P REHE Bor: X S TS T
(M+H)FM+Na"), (&9 3a~3f gk
P m/z=138, 42, 80 [ME TUE. LIMLAY 3a A,
244877 T BE 4N Scheme 2 HEAT.
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2.7.1

PURIE Pk FH 98 28 VR0 s s e T R (R Ak S
SRR RS PUNE, tha ) 3a, 3b, 3F 4 FLRE A0
(BRI . AR ZERFT B KR BB
A HHEARLRT ) A0 BRIV kAN .

2.7.2

FUWRGS MR T4 MTT szt ik
&) 3a, 3b, 3F HBEL AT 14T R Al PR AR S T (R
2).

R1 LAY L, 2 1 3a~3F 1T RIS EE
Table 1 MS spectral data of compounds 1, 2 and 3a~3f

Compd. MS m/z (%)
1 284.8 (M+Na", 19.30) 5243 2M+H", 5.18) 546.4 2M+Na', 100)
2 318.6 (M—+H", 100) 320.6 (M+H", 31.84)"
3a 363.5 (M+HY, 12.54) 385.9 (M+Na", 15.56) 748.5 2M+Na", 100)
3b 363.8 (M+H', 9.93) 386.0 (M+Na", 100) 748.5 2M+Na™, 2.72)
3c 391.9 (M+H", 23.48) 414.1 (M+Na*, 100) 804.8 (2M~+Na", 80.83)
3d 406.3 (M+H", 10.14) 428.1 (M+Na*, 100)
3e 421.8 (M+H", 100) 444.1 (M+Na*, 91.57)
3f 456.6 (M+H", 11.32) 478.1 (M+Na*,100)

IR 2 hRIPAN R, HAZIERAN 3 1.

+ p—
NaQ o /‘ (miz = 138) Ho—F|>—o o /" iz = 42)
Oo—P HN I
| I oy ~Col
NH—(ltH—C—OCH3 (ltH OCH,
CHs CH,
mfz=385.9 mf/z=247.9
ON
a .
HO ||3‘ OH i (|J|Na
T P HoN
P 2 c
H,L\ ° HO ( /o ) \Cle/ ~OCH;
N miz =
C|JH OCH, CHy
CHs
miz = 205.9 miz=126.1

Scheme 2
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Table 2 Cytotoxicities of compounds 3a, 3b and 3f

Compd.

ICs¢/(ugsmL ")

Hep-G2  Raji KB

0 /L
O\||-_|>/O o
[ I
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CH;,
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0 /L
O\||-_|>/O o
[ I
HN—(le—c—OCHg
CH;,

3b

o [
ol o
P o

| I
HN—(le—C—OCH3
CH,

OH

3f

19.2 — 10.2

MR AT LA e TS ER S R AL [ 1
KT 5, T HBREEAL L R R RR R AL AL D T
FLIR TR s AR 2 AN ], 3 4R BAT S S R

SR T T 1.
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