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An Access to the gem-Diamine Derivatives from
a-Carbamatemethylphosphonate

Ren, Linjing Pu, Jiazhi He, Chunyang Yao, Qiuli*

(School of Pharmacy, Zunyi Medical University, Zunyi, 563000)

Huang, Xiaoli

Abstract The preparation of gem-diamine derivatives of phosphonates from a-carbamatemethylphosphonates is reported. In
our earlier work, the reaction of sulfone with dialkylphosphonate gave a-carbamatemethylphosphonate as the major product.
However, gem-diamine derivative of phosphonate was unexpectedly formed as a side product when decreasing the amount of
dialkylphosphonate. Although few reports exist on the synthesis of this unique structure, gem-diamine derivatives have shown
potential biological activity as an anti-cancer reagent. After optimization, a methodology for the synthesis of gem-diamine
derivatives of a-carbamatemethylphosphonate is provided. The reaction of a-carbamatemethylsulfone with a-carbamate-
methylphosphonate using LiOH as a base and commercial petroleum ether as solvent provided gem-diamine derivatives in

good to excellent yields. This simple protocol runs under very mild conditions, and has a broad substrate scope.
Keywords a-carbamatemethylphosphonate; gem-diamine derivatives; sulfone
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TERT AW I o- 2 25 0 FH B IR 1 3a HHABDA 1a 1538
R — 2. 2a OB A BRI R 24 AR UL AT AN R BUKE
IR — 5 2a W & 0.95 equiv.HEZE 0.5 equiv.hi,
IRV 2E CL 26% 1) 53 25 72 3 4 il it AE ) 4a (Eq.
1). WEY 4a PRI E G 5] T FRATH M,
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I i
BocHN™ “SO,Ph + H-P-OEt E;‘i“
s . OEt tOAC, r.t.
a (1 equiv.) 2a
~~-OEt _OEt
BocHN™ “PZogr  + BocHN” N7 “PLog )
Boc !
o 0
3a 4a

Conditions 1: 2a (0.95 equiv.), 4 h, 3a isolated yield 72%, 4a traces
Conditions 2: 2a (0.5 equiv.), 9 h, 3a isolated yield 47%, 4a isolated
yield 26%

A9 A R AU, A T R Y AR A
B S S AE WA 22 ORI TE R A T a8 58 10 PP 32 JR P T
1 — Jee AT 25 0 W] A D Sl 390 ) 5 2R B PR
USRI AE SCHR T A BB T R B b, TR
SRR A 2022l I A S P HEAT B AL
HRE A R BT EIR R, RAYuE it — 5
HEL o- T IR L BRI IR 1 — AT B & T 5

1 &R511R

PATE SR LA 1a 5082 — £ 2a (0.2 equiv.)
SN SR BEAT SO SR A I TR G (R 1). BL LiOH A,
EtOAc AV, fEER FRM 9 h, 5 Bq. 1 28—
R, M DR 2a 10 FH AR DU S0 2 B 72 R (41%) &
B T ERTAEY) 4a (3B 1, Entry 1); {H/24 LiOH # v
PETE 5511 K,CO, BB 7 5 1) NaOH 2 KOH ¥ 6774
o L3R5 <5%MI7* %(F 1, Entries 2~4). ¥ 2a K&
FEKZ 0.14 equiv. Bt E1 & 0.25 57 0.33 equiv. Xy P21
A/ (F 1, Entries 5~7). BRI A% 1 5 K )
DMF 5t 2545 1 ) CHACN. N BB THF 45, 7= 244 %
f&(Z 1, Entries 8~11); 5 /M) DCM. DCE. Et,0
ol F 2R AR RIA TP R AR (3K 1, Entries 12~15); TMif#
FARR AR /N 1) IF CU e 8F T RS 7= 243 AR & 47%
1 50%(F 1, Entries 16, 17). 3t DA il A7),
BN ETEE 50 CEPEIRE 0 CIM= R EFK
(3% 1, Entries 18, 19).

NSEZI6 25 RIRATHED, & —ReATAEY) 4a TR
=) 3a 5 1a d#E—0 RBTA R R, Bk, FRATH
o-ZFE 0 R TEE 3a (0.25 equiv ) AU #ERE — 2. 1E 2a
IO 5 h 2 O3 (TLC) SR Y 3a #k5e 4, 1k
23 B 7= R AR 1 & 83% (35 1, Entry 20), it I 4a {f)
Redks: 5 — 0 TEZ T 1a ONAE A= et Bl & ik
BRI B R G, ASih7E b2 1F N AR 2 2515 20X Le gl 7=
Y.

TERMF UL B gt Bl b, BR8P B 5K
V& T, S At o- 22028 0 BRI R IR A (8 — AT
AW 2). L Boc B Cbz R4 5 3k 7 F 5L ik AR T
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Table 1 Condition screening for the reaction of 1a with 2a

(o}
BocHN™SO,Ph + H-P-OEt %» BocHN" > g‘;\ﬁ:%EEtt
OFEt rt. o
1a (1 equiv.) 2a 4a
Entry Base Solvent Time/h Yield”/%
1 LiOH EtOAc 9 41
2 K,CO;  EtOAc 9 <5
3 NaOH EtOAc 9 <5
4 KOH EtOAc 9 0
5 LiIOH  EtOAc 9 41
6¢ LiOH EtOAc 9 39
7 LiOH  EtOAc 9 39
8 LiOH DMF 9 15
9 LiOH CH;CN 9 13
10 LiOH CH;COCH; 9 25
11 LiOH THF 9 32
12 LiOH DCM 9 14
13 LiOH DCE 9 27
14 LIOH  Et0 9 30
15 LiOH PhCH; 9 36
16 LiOH n-Hexane 9 47
17 LiOH Petroleum ether 9 50
18¢ LiOH Petroleum ether 9 9
19 LiOH Petroleum ether 9 20
20¢ LiOH Petroleum ether 5 83

© 2017 Chinese Chemical Society & SIOC, CAS

“ Reaction conditions: base (2 mmol), 1a (I mmol), 2a (0.2 mmol), solvent (3
mL), at room temperature under Ar; isolated yield after column chromatog-
raphy. © 2a (0.14 mmol); ¢ 2a (0.25 mmol); ¢ 2a (0.33 mmol); “at 50 ‘C;’at
0 C;#3a (0.25 mmol) was used instead of 2a.

3a~3e ¥ 0] IR H 5 R AX 12 BE 1b [, AI3RTS R 47
772 R (49%~ 87%).

5 8 B 6 FR ORI I 2 (Tos) VR D 8 23 B AT Pl R4
T 2R PR A 5 B PR 1 PR IR, AR RS
FrbA, ATHE Sox AN R RS e k. PR Ts U AR
Y le~1f BHBRYEREUPER 3). S AENTE,
T H LR (e 1d, 775 41%~86%)ib 2 B A
RELECT BB O AR R (e~ 1f, FZE 55%~
94%), %R [FIFEBEIGUR ML 5 4k M T E 4,
FERERN T, MRS KRG, AARFE T e sk
EAR ORI IS IS PR 7 20 385 30 LS FF 6 R g, X TT g S
SN TR O Ra e AT R R N AT RERE K 1 BN
TEREH A, R4k E s 3 B, A AR EEREFEUR
P Rt LGB R PR e B vy, DR T 7 % o

2N (LR O] RS2 FEBRPE 264 T A 1 T R I
BRI R AR, A 3 BERGE HAA B R
Rk, 5 0 Hp ) s gt T 459 21 B 28 =M% — Ik 4.

2 i
2 LTI, AHF I o~ 5 0 PP L IR 6 1 125 — ¢
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Table 2 Preparation of 4 by the reaction of phenylsulfones 1 with 3
R1
R’ OR? LIOH, rt R
, .t /
+ PgHN"PL ) PgHN” NP2
PgHN™ ~SO,Ph || OR Petroleum ether L )
1 o) Pg'" OR
3 4
R'=H, Pg =Boc (1a); R?=Et, Pg' = Boc (3a); R? = "Bu, Pg' = Boc(3b);
R'=H, Pg=Cbz(1b) R?=Et, Pg' = Cbz (3c); R? = "Bu, Pg' = Cbz (3d);
R2 = Me, Pg' = Cbz (3e).
A~ _OBu-n A~~~ -OEt A~ -OMe o~ - OBUN
BocHN l}l P‘OBu -n BocHN l}l P\OEt BocHN l}l ﬁ‘OMe BocHN l}l ~0Bu-n
Boc O Cbz O Cbz O Cbz O
4b, 11.5 h, 60% 4c,8h, 77% 4d, 7 h, 86% 4e, 11.5 h, 56%

A~~~ OEt . _~__OBu-n A~y o~ OMe

CbzHN" N P\%EEtt CbzHN™ "N™ "P=og CbzHN™ °"N” "Plop - CozHNT N P=gpye
Boc O bz O Cbz O Cbz O
4f, 10 h, 49% 4g,6.5h, 68% 4h, 24 h, 87% 4i,65h, 52%

“Reaction conditions: LiOH (2 mmol), 1 (1 mmol), 3 (0.25 mmol), petroleum ether (3 mL) at room temperature under Ar, isolated yield after column chromatog-
raphy.

3 ORI 5 3 AR 4
Table 3 Preparation of 4 by the reaction of tolylsulfones 1 with 3

R1
R _OR? . PR 0
)\ Pg‘HN P\ 2 LiOH, r.t. PQHN N/\P\ORZ
PgHN" >Ts * OR '
g s O Petroleum ether Pg' OR2
1 3 4

R'=H, Pg =Boc (1¢c); R' =

H, Pg = Cbz (1d); R' = Ph, Pg = Boc (1e); R' = Ph, Pg = Cbz (1f); R' = n-Bu, Pg = Boc (1g); R =
R2 = Et, Pg' = Boc (3a); RZ =

Et, Pg = Boc (1h)
n-Bu, Pg' = Boc (3b); R? = Et, Pg' = Cbz (3¢); R2 =

n-Bu, Pg' = Cbz (3d); R2 = Me, Pg' = Cbz (3e); R% = Me, Pg' =

Boc (3f)
OEt OBu-n OEt ~._.OMe OBu-n
AN N N, N P N N BOCHN N P\ P N N
BocHN l}l ﬁ\OEt BocHN N P\OBu ., BocHN l}l P\OEt | OMe BocHN [}j ﬁ\OBu-n
Boc O Boc O 0 Cbz 0 Cbz O
4a, 24 h, 80% 4b,11.5h, 71% 4c, 8 h, 74% 4d, 7 h, 86% 4e, 11.5h, 82%

OEt OEt A~~~ OBu-n A~~~ ~.-OMe ~. ~_ . OMe
N SNTpZ CbzHN™ "N” ~PL CbzHN™ "N~ “PZ CbzHN” °N p\
CbzHN I}l '|3|\OEt CbzHN l}l ﬁ\OEt | 0 OBu-n | i OMe Z | OMe
Boc O Cbz O Cbz O Cbz O Boc o
4f, 22.5 h, 52% 49, 7.5h, 53% 4h, 7.5 h, 62% 4i,7.5h,41% 4j,6 h, 54%
OMe _OMe OBu-n PN
BocHN” "N"PLye  BocHN r?J Pome  BooHN l}l P\OEt BooHN™ Nl (o - BocHNT I F=owe
I|300 (IZI) Cbz O Boc O Boc O Boc O
4k, 8 h, 55% 41,7.5h, 70% 4m, 7 h, 73% 4n,7h, 79% 40,7 h, 66%
Bu-n Bu-n )B\u-n Et Et
_OEt —~_.OBu-n _OMe o~/ _OBu-n
BocHN I}l ﬁ\OEt BocHN l}l P~ 0Bu-n BocHN r}] P\OMe BocHN l}l ﬁ\OEt BocHN l}l ﬁ\OBun
Cbz O Cbz O Cbz O Boc O Boc O
4p, 6 h, 86% 4q,6h, 91% 4r, 6 h, 93% 4s,9h, 77% 4t, 9 h, 87%
_OEt . OMe ~..0Bu-n
BocHN I}l ﬁ\OEt BocHN ,il ﬁ\OMe BocHN l}l II:I’ OBu-n
Cbz O Cbz O Cbz O
4u, 9 h, 94% 4v, 6.5 h, 92% 4w, 9 h, 90%

“Reaction conditions: LiOH (2 mmol), 1 (1 mmol), 3 (0.25 mmol), petroleum ether (3 mL), at room temperature under Ar; isolated yield after column chromatog-

raphy.
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FTAEYHRAE T — B HIEA . BB, R R MA &
JivE. ARI7E R TR S AR E T, E
i R AR A ) A R A T R, AT R R E
Y, HE— P RZRA S WA B A 2 T 1R 2 5 B
SE T A,

3 X
3.1 U5

MREFERICA Agilent-NMR-v NMRs 400 7, CDCl,
T, L TMS HNAR; @5 HEiEACA Thermo Sci-
entific LTQ Orbitrap XL %(ESI-HRMS). #2251
RS B B T AR R A F )
BIRAR. FrHRFA DI m, K£585EBEEMHER,
Kafifh.

3.2 KIGRRME

B2 25 mL TR B Be, EUTRT T IIAZEA
1L #H (48 mg, 2 mmol). A 1 (271 mg, 1 mmol), FHK
@S G AL A 3 (0.25 mmol) & A7 E#(3 mL),
i FRM, TLC B/R RN EAeZ JEid e, W4, it
PUEAE BT A VA © MR =3 121 :
DAFE=Y) 4. BT 790 4 BB B A I I
it S dd, BRI Z R A VDR A Bk DU B R AN
EMHE T, AT I SRR [E A H B C 5P PR
F5ECH A and SRR R,

& —fi% 4a: 82 5 80 mg, 1”3 83%5k 80%, LM
R¥). 'TH NMR (CDCls, 400 MHz) 8: 5.55 (br s, 1H), 4.56
(s, 2H), 4.05~4.00 (m, 4H), 3.70 (d, “Jp-y=8 Hz, 2H,
CH,-P), 1.35 (s, 9H), 1.31 (s, 9H), 1.21~1.20 (m, 6H); '*C
NMR (CDCl;, 100 MHz) §: 156.0, 154.6 (NHCO), 155.2,
154.2 (NCO), 80.5, 79.0, 62.0 (d, >Jp—c=7 Hz, P-O-CH),)
and 61.8 (d, /o—c=6 Hz, P-O-CH,), 54.0 and 53.3
(N-CH,-NH), 42.2 (d, "Jp—c=157 Hz, CH,-P) and 41.3 (d,
'Jp-c=156 Hz, CH,-P), 28.0, 27.9, 16.1~16.0 (m); *'P
NMR (CDCl;, 162 MHz) ¢: 23.2 and 22.9; IR (film) v:
3348, 2927, 1703, 1248, 1154, 1053, 1026, 774 cm ';
HRMS (ESI) caled for Ci¢H3N,O,P [M+H]" 397.2098,
found 397.2097.

& —Ji% 4b: 70 5% 82 mg, F7F 60%% 71%, L
R¥. 'TH NMR (CDCls, 400 MHz) J: 5.54 (br s, 1H), 4.63
(s, 2H), 4.04~4.02 (m, 4H), 3.78 (d, *Jpn =8 Hz, 2H,
CH,-P), 1.61 (br s, 4H), 1.43 (s, 9H), 1.39 (s, 9H), 1.35 (m,
4H), 0.90~0.88 (m, 6H); *C NMR (CDCl;, 100 MHz) §:
156.0 and 155.0 (NHCO), 155.3 and 154.5 (NCO), 81.0,
79.6, 66.0 (d, 2Jp—c=6 Hz, P-O-CH,) and 65.8 (d, *Jp—c=
7 Hz, P-O-CH,), 54.5 and 53.8 (N-CH,-NH), 42.6 (d,

2372 http://sioc-journal.cn/
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'Jo—c=157 Hz, CH,-P) and 41.8 (d, 'Jp—c=157 Hz,
CH,-P), 32.53 (d, *Jp-c=6 Hz, P-O-CH,-CH,) and 32.46
(d, *Jp—c=6 Hz, P-O-CH,-CH,), 28.3, 18.6, 13.6; °'P
NMR (CDCl;, 162 MHz) §: 23.3 and 23.0; IR (film) v:
3353, 2962, 1703, 1248, 1154, 1062, 1025 cm '. HRMS
(ESI) caled for C,H4;N,O-P [M+H]" 453.2724, found
453.2723.

& % 4c: 82 8K 80 mg, F=FK 77%k 74%, JLEiH
JR¥. "H NMR (CDCls, 400 MHz) &: 7.33 (br s, 5H), 5.62
and 5.49 (s, 1H, NH), 5.15 and 5.13 (s, 2H, Ph-CH,),
4.73~4.71 (m, 2H), 4.11~4.02 (m, 4H), 3.88 (d, “Jp =
8 Hz, 2H, CH,-P), 1.41 (s, 9H), 1.26~1.22 (m, 6H); "*C
NMR (CDCls, 100 MHz) d: 156.0 and 155.6 (NHCO),
155.8 and 155.4 (NCO), 136.1 and 135.8 (ipso-C), 128.53
and 128.49 (meta-CH), 128.2 (para-CH), 128.1 and 128.0
(ortho-CH), 79.9, 67.8, 62.4 (d, “Jp-c=7 Hz, P-O-CH,)
and 62.3 (d, *Jp—c=7 Hz, P-O-CH,), 54.4 and 54.1
(N-CH,-NH), 43.3 and 41.7 (CH,-P), 28.3, 16.3 (d,
3Jp—c=5 Hz, P-O-CH,-CHj,); *'P NMR (CDCl;, 162 MHz)
d: 23.8 and 23.3; IR (film) v: 3358, 3063, 2927, 2363,
1708, 1245, 1158, 1053, 1026 cm'; HRMS (ESI) calcd
for CoH3,N,O,P [M+H]" 431.1942, found 431.1940.

i i 4d: 87 mg, 773K 86%, LEIHIRY). '"H NMR
(CDCls, 400 MHz) d: 7.31 (s, 5H), 5.71 and 5.49 (s, 1H,
NH), 5.12 and 5.11 (s, 2H, Ph-CH.,), 4.68 (s, 2H), 3.88 (d,
2Jo-y=8 Hz, 2H, CH,-P), 3.71 (d, *Jp-y=12 Hz, 3H,
OCH,), 3.61 (d, *Jy—y=12 Hz, 3H, OCH;), 1.38 (s, 9H);
C NMR (CDCls, 100 MHz) 6: 156.2 and 155.7 (NHCO),
155.7 and 155.4 (NCO), 136.0 and 135.8 (ipso-C), 128.52
and 128.49 (meta-CH), 128.3 (para-CH), 128.17 and 127.9
(ortho-CH), 80.00 and 79.95 (C(CHs);), 67.9, 54.3 and
54.0 (N-CH,-NH), 52.82 (d, %/p—c=12 Hz, P-O-CH,) and
52.76 (d, *Jp—c=14 Hz, P-O-CH;), 42.0 (d, 'Jp—c=156
Hz, CH,-P), 28.2; *'P NMR (CDCls, 162 MHz) 6: 25.6 and
25.0; IR (film) v: 3348, 3063, 2925, 1705, 1247, 1154,
1114, 1027 c¢cm™!; HRMS (ESI) calcd for C;7H,gN,-
O,P [M+H]" 403.1629, found 403.1628.

i ] 4e: 68 mg BY, 100 mg, 7=F 56%5 82%,
@Ry, '"H NMR (CDCL;, 400 MHz) o: 7.31 (s, 5H),
5.69 and 5.54 (s, 1H, NH), 5.13 and 5.10 (s, 2H, Ph-CHy,),
470 (s, 2H), 4.01~3.95 (m, 4H), 3.87 (d, *Jp-y=8 Hz,
2H, CH,-P), 1.57~1.53 (m, 4H), 1.38 (s, 9H), 1.33~1.21
(m, 4H), 0.87~0.85 (m, 6H); C NMR (CDCl;, 100
MHz) d: 156.0 and 155.5 (NHCO), 155.8 and 155.4
(NCO), 136.1 and 135.8 (ipso-C), 128.5, 128.2, 128.0 and
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127.9 (ortho-CH), 79.8, 67.8, 66.1 (d, “Jo—c=7 Hz,
P-O-CH,) and 65.9 (d, “Jp_c=7 Hz, P-O-CH,), 54.4 and
54.1 (N-CH,-NH), 42.4 (d, 'Jp_c=158 Hz, CH,-P), 32.4
(d, *Jo—c=6 Hz, P-O-CH,-CH,), 28.2, 18.6, 13.5; *'P
NMR (CDCls, 162 MHz) §: 22.8 and 22.4; IR (film) v:
3391, 3071, 2925, 1707, 1252, 1143, 1075, 1040 cm ';
HRMS (ESI) caled for Cp3HyN,0.P [M+H]" 487.2568,
found 487.2567.

& & 4f: 52 856 mg, 7% 49%8K 52%, TR
¥. "H NMR (CDCls, 400 MHz) §: 7.31 (br s, 5H), 5.96 (s,
1H), 5.13 and 5.07 (s, 2H, Ph-CH,), 4.73~4.70 (m, 2H,
NH-CH,), 4.12~4.09 (m, 4H), 3.81 (d, *J,_y=8 Hz, 2H,
CH,-P), 1.42 (s, 9H), 1.28 (s, 3H), 1.22 (s, 3H); °C NMR
(CDCls, 100 MHz) 0: 156.8 and 154.9 (NHCO), 156.1 and
154.4 (NCO), 136.2, 128.5, 128.1, 128.0, 81.2, 66.8, 62.4
(d, *Jp-c=6 Hz, P-O-CH,) and 62.2 (d, *Jp-c=6 Hz,
P-O-CH,), 54.9 and 54.3 (N-CH,-NH), 42.9 (d, 'Jp—c=158
Hz, CH,-P) and 42.0 (d, 'Jp—c=157 Hz, CH,-P), 28.2, 16.4
(d, *Jp—c=6 Hz, P-O-CH,-CH;) and 16.3 (d, *Jp—c=5 Hz,
P-O-CH,-CH3); *'P NMR (CDCl;, 162 MHz) §: 23.4 and
23.1; IR (film) v: 3261, 3034, 2979, 1703, 1243, 1157,
1054, 1028 cm '; HRMS (ESI) caled for C,sH3,N,O,P
[M+H]" 431.1942, found 431.1942.

% % 4g: 78 51 61 mg, F=F 68%K 53%, Ll
R¥). 'H NMR (CDCls, 400 MHz) 6: 7.28 (s, 10H), 6.33
and 6.10 (s, 1H, NH), 5.12~5.05 (m, 4H), 4.80~4.76 (m,
2H, NH-CH,), 4.08~3.97 (m, 4H), 3.89 (d, 2Jpy=12 Hz,
2H, CH,-P), 1.24~1.17 (m, 6H); *C NMR (CDCl;, 100
MHz) 6: 157.0 and 155.7 (NHCO), 156.3 and 155.3
(NCO), 136.2, 136.1 and 135.8 (ipso-C), 128.5, 128.2~
128.0 (m), 67.9, 66.9, 62.5 (d, *Jp—c=6 Hz, P-O-CH,) and
62.3 (d, “Jp-c=6 Hz, P-O-CH,), 54.8 and 54.5 (N-CH,-
NH), 42.6 (d, 'Jp—c=157 Hz, CH,-P) and 42.5 (d, 'Jp—c=
156 Hz, CH,-P), 16.3 (d, *Jp- =3 Hz, P-O-CH,-CH;); *'P
NMR (CDCls, 162 MHz) §: 22.8 and 22.3; IR (film) v:
3358, 3065, 2925, 1712, 1243, 1180, 1054, 1025 cm ';
HRMS (ESI) caled for Cy,HyN,0,P [M+H]" 465.1785,
found 465.1783.

% —fi% 4h: 113 5% 81 mg, 7% 87%5K 62%, (i
R#. '"H NMR (CDCl;, 400 MHz) 6: 7.33~7.32 (m,
10H), 6.07 and 5.92 (s, 1H, NH), 5.15~5.07 (m, 4H),
4.82~4.78 (m, 2H), 4.04~3.96 (m, 4H), 3.91 (d, *Jp—y=38
Hz, 2H, CH,-P), 1.59~1.54 (m, 4H), 1.36~1.30 (m, 4H),
0.91~0.86 (m, 6H); *C NMR (CDCl;, 100 MHz) J: 156.8
and 155.7 (NHCO), 156.2 and 155.3 (NCO), 136.1, 136.0
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and 135.8 (ipso-C), 128.5, 128.3~128.0 (m), 67.9, 67.0,
66.1 (d, 2Jp-c=7 Hz, P-O-CH,) and 66.0 (d, *J»- =6 Hz,
P-O-CH,), 54.9 and 54.6 (N-CH,-NH), 42.6 (d, 'Jp—c=157
Hz, CH,-P) and 42.6 (d, 'Jp—c=157 Hz, CH,-P), 32.5 (d,
3Jp—c=6 Hz, P-O-CH,-CH,), 18.6, 13.6; *'P NMR (CDCl;,
162 MHz) 0: 22.7 and 22.3; IR (film) v: 3374, 3034, 2925,
1710, 1242, 1180, 1075, 1027 cm'; HRMS (ESI) calcd
for CoH3gN,O,P [M+H]" 521.2411, found 521.2410.

& & 4i: 57 844 mg, 77 F 52%8841%, ok
#). '"H NMR (CDCls, 400 MHz) d: 7.33~7.32 (m, 10H),
6.06 and 5.84 (s, 1H, NH), 5.15~5.08 (m, 4H), 4.80~
4.76 (m, 2H), 3.92 (d, 2,-y=8 Hz, 2H, CH,-P), 3.73 (d,
3Jo—y=8 Hz, 3H, OCH3), 3.64 (d, *Jp—y=12 Hz, 3H,
OCH,); C NMR (CDCls, 100 MHz) 6: 156.9 and 155.7
(NHCO), 156.4 and 155.4 (NCO), 136.1, 135.9 and 135.8
(ipso-C), 128.5, 128.3, 128.2~128.0 (m), 68.1 and 68.0
(Ph-CH,O-CON), 67.0, 54.8 and 54.5 (N-CH,-NH), 52.9
(d, *Jp_c=6 Hz, P-O-CHj3) and 52.8 (d, *J»_ =6 Hz, P-O-
CH;), 41.8 (d, 'Jo—c=157 Hz, CH,-P); *'P NMR (CDCl;,
162 MHz) 0: 25.5 and 24.9; IR (film) v: 3347, 3063, 2924,
1704, 1239, 1186, 1142, 1027 cm™'; HRMS (ESI) calcd for
CaoHyeN,O-P [M+H]" 437.1472, found 437.1470.

& % 4§: 54 mg, 77F 54%, TEOMRY). '"H NMR
(CDCls, 400 MHz) d: 7.33~7.31 (m, 5H), 5.90 and 5.83
(s, 1H, NH), 5.08 (s, 2H), 4.71 (s, 2H), 3.84 (d, “Jp—y=12
Hz, 2H, CH,-P), 3.75 (d, *Jo—y=8 Hz, 6H, OCHj3), 1.44 (s,
9H); C NMR (CDCl;, 100 MHz) 0: 156.9 and 154.9
(NHCO), 156.3 and 154.5 (NCO), 136.1, 128.5, 128.2,
128.1, 81.5, 67.0, 54.9 and 54.3 (N-CH,-NH), 53.0~52.8
(m, P-O-CH;), 42.2 (d, 'Jp-c=158 Hz, CH,-P) and 41.5
(d, 'Jp—c=154 Hz, CH,-P), 28.2; *'P NMR (CDCl;, 162
MHz) §: 26.0 and 25.5; IR (film) v: 3335, 3058, 2926,
1703, 1243, 1155, 1030 cm'; HRMS (ESI) caled for
C17H,5N,0,P [M+H]" 403.1629, found 403.1629.

i —Ji% 4k: 61 mg, 77 55%, FLEJHIRY). 'H NMR
(CDCls, 400 MHz) 6: 7.35~7.26 (m, 5H), 6.70~6.65 (s,
1H, NH), 6.65 (s, 1H), 4.03~4.01 (m, 1H), 3.76 (d,*Jo—y
=12 Hz, 3H, OCH3), 3.69 (d, *Jo—y=8 Hz, 3H, OCH,),
3.23 (br s, 1H), 1.46 (s, 9H), 1.39 (s, 9H); °C NMR
(CDCls, 100 MHz) ¢: 155.0, 154.6, 138.3, 128.5, 127.8,
126.2, 81.7, 79.7, 66.4, 53.0 (d, “Jp—c=5 Hz, P-O-CHa)
and 52.7 (d, 2/p-c=5 Hz, P-O-CH3), 39.6 (d, 'Jp-c=168
Hz, CH,-P), 28.4, 28.1; *'P NMR (CDCl;, 162 MHz) J:
26.4 and 26.0; IR (film) v: 3348, 3061, 2962, 1710, 1246,
1160, 1064, 1024 cm™'; HRMS (ESI) caled for CooHsuNo-
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O,P [M+H]" 445.2098, found 445.2098.

i % 41: 84 mg, FZF 70%, LEMPIRYI. '"H NMR
(CDCls, 400 MHz) §: 7.33~7.26 (m, 10H), 6.88~6.77
(m, 2H), 5.18 (s, 2H), 4.05 (br s, 1H), 3.64 (d, *Jp-y=12
Hz, 6H, OCH3), 3.25 (br s, 1H), 1.46 (s, 9H); *C NMR
(CDCls, 100 MHz) §: 155.6, 155.0, 137.6, 135.9, 128.7,
128.4, 128.1, 127.8, 126.3, 79.9, 68.1, 67.4 and 66.3
(N-CH-NH), 53.2~52.8 (m, P-O-CH;), 40.0 (d, 'Jpc=
164 Hz, CH,-P), 28.4; *'P NMR (CDCls, 162 MHz) §: 25.8
and 25.0; IR (film) v: 3329, 3063, 2925, 2359, 1705, 1247,
1143, 1091, 1029 cm™'; HRMS (ESI) caled for Cp3H3N,-
O,P[M+H]" 479.1942, found 479.1941.

%~ % 4m: 84 mg, F7F 3%, LOMHIRY. 'H
NMR (CDCl;, 400 MHz) d: 5.92 (br s, 1H, NH), 5.39~
5.16 (m, 1H, NH-CH), 4.17~4.08 (m, 4H), 3.97 (br s,
1H), 3.54 (br s, 1H), 1.83~1.81 (m, 2H), 1.47 (s, 9H),
1.42 (s, 9H), 1.33~1.29 (m, 10H), 0.88 (t, *Jy—y=12 Hz,
3H); “C NMR (CDCl;, 100 MHz) §: 154.9, 154.6, 80.9,
79.2, 64.4 (m, N-CH-NH), 62.4~62.1 (m, P-O-CH,), 38.6
(d, 'Jo-c=160 Hz, CH,-P), 33.6, 28.29, 28.26, 28.0, 22.2,
16.40~16.38 (m, P-O-CH,-CHj), 13.9; *'P NMR (CDCls,
162 MHz) 6: 23.9 and 23.2; IR (film) v: 3372, 2925, 1702,
1247, 1180, 1068, 1029 c¢m™'; HRMS (ESI) calcd for
CoHN,O,P [M+H]" 453.2724, found 453.2724.

fif —J% 4n: 100 mg, F=FR 79%, LEHRY. 'H
NMR (CDCl;, 400 MHz) d: 5.95 (br s, 1H, NH), 5.40~
5.14 (m, 1H, NH-CH), 4.06~3.99 (m, 5H P-O-CH, and
P-CH,), 3.55 (br s, 1H, P-CH,), 1.89~1.77 (m, 2H),
1.67~1.59 (m, 4H), 1.46 (s, 9H), 1.41 (s, 9H), 1.39~1.33
(m, 4H), 1.30~1.24 (m, 4H), 0.93~0.86 (m, 9H); "*C
NMR (CDCl;, 100 MHz) &: 154.9, 154.6, 80.9, 79.2,
66.1~65.9 (m, P-O-CH,), 64.4~64.2 (m, N-CH-NH),
39.3 (d, 'Jp—c=208 Hz, CH,-P), 33.7, 32.6~32.5 (m,
P-O-CH,-CH,), 28.32, 28.29, 28.1, 22.3, 18.7, 14.0, 13.6;
3'P NMR (CDCl;, 162 MHz) : 23.9 and 23.3; IR (film) v:
3305, 2961, 1699, 1244, 1178, 1066, 1024 cm™'; HRMS
(ESI) caled for CpyHsoN,O,P [M+H]™ 509.3350, found
509.3350.

i —Jl% 40: 70 mg, 77F 66%, JoEIHIRY). '"H NMR
(CDCls, 400 MHz) &: 5.77 (br s, 1H), 5.31~5.17 (m, 1H,
NH-CH), 3.95~3.93 (m, 1H), 3.76~3.72 (m, 6H), 3.58~
3.56 (m, 1H), 2.04~1.75 (m, 2H), 1.46 (s, 9H), 1.41 (s,
9H), 1.30~1.22 (m, 4H), 0.87 (t, *Jy—y=6 Hz, 3H); °C
NMR (CDCly, 100 MHz) &: 155.0, 154.4, 81.1, 79.4,
64.9~64.7 (m, NH-CH), 53.0~52.7 (m, P-O-CHj,), 38.7
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(d, 'Jp-c=154 Hz, CH,-P), 33.6, 28.30, 28.28, 28.0, 22.2,
14.0; *'P NMR (CDCl;, 162 MHz) d: 26.3; IR (film) v:
3308, 2927, 1721, 1245, 1179, 1038, 867 cm '; HRMS
(ESI) caled for C,gH3sN,O-P" [M+H] 425.2411, found
425.2410.

i —f% 4p: 105 mg, 75 86%, LEIHARY). 'H
NMR (CDCl, 400 MHz) 6: 7.35~7.26 (m, 5H), 5.82 (br
s, 1H), 5.47~5.15 (m, 3H), 4.06~4.01 (m, 5H), 3.62 (br
s, 1H), 2.08~1.78 (m, 2H), 1.40 (s, 9H), 1.25~1.23 (m,
10H), 0.85 (s, 3H); *C NMR (CDCls, 100 MHz) 6: 155.7,
154.8, 136.2, 128.4, 128.1, 128.0, 79.6, 67.6, 64.7, 62.3,
429 (d, 'Jp-c=165 Hz, CH,-P) and 39.8 (d, 'Jp- =146
Hz, CH,-P), 33.6 and 33.2 (CH,-CH-NH), 28.3, 28.1, 22.2,
163 (d, *Jp—c=6 Hz, P-O-CH,-CH3), 14.0; *'P NMR
(CDCls, 162 MHz) d: 23.3 and 22.4; IR (film) v: 3331,
3065, 2927, 1708, 1217, 1166, 1028 cm'; HRMS (ESI)
caled for ChHyN,O-P [M + H] " 487.2568, found
487.2563.

i —J% 4q: 123 mg, P23 91%, LEHRY. 'H
NMR (CDCls, 400 MHz) 6: 7.35~7.26 (m, 5H), 5.87 (br
s, 1H), 5.46~5.15 (m, 3H), 4.00~3.96 (m, 5H), 3.64 (s,
1H), 1.89~1.80 (m, 2H), 1.59~1.53 (m, 4H), 1.41 (s,
9H), 1.35~1.24 (m, 8H), 0.91~0.87 (m, 9H); *C NMR
(CDCls, 100 MHz) d: 155.5, 154.9, 136.2, 128.4, 128.05,
127.95, 79.5, 67.6, 66.1~65.9 (m, P-O-CH,), 64.6, 42.8
(d, 'Jp-c=162 Hz, CH,-P) and 39.7 (d, 'Jp-c=142 Hz,
CH,-P), 33.7 and 33.2 (CH,-CH-NH), 32.5~32.4 (m,
P-O-CH,-CH,), 28.3, 28.1, 22.2, 18.6, 14.0, 13.6; *'P NMR
(CDCls, 162 MHz) d: 23.3 and 22.5; IR (film) v: 3303,
3065, 2960, 1713, 1242, 1174, 1066, 1027 cm™'; HRMS
(ESI) caled for CrHygN,O,P [M+H]" 543.3194, found
543.3195.

i — % 4r: 107 mg, F2% 93%, LEHEIRY. 'H
NMR (CDCls, 400 MHz) 6: 7.37~7.26 (m, 5H), 5.70 (br
s, 1H), 5.16~5.14 (m, 3H), 3.98 (br s, 1H), 3.68~3.66
(m, 7H), 2.02~1.77 (m, 2H), 1.41 (s, 9H), 1.28 (br s, 4H),
0.85 (br s, 3H); °C NMR (CDCls, 100 MHz) o: 155.5,
155.0, 136.1, 128.5, 128.1, 128.0, 79.7, 67.7, 65.0, 52.8 (d,
2Jo—c=6 Hz, P-O-CH3), 42.3 (d, 'Jp—c=162 Hz, CH,-P)
and 39.6 (d, 'Jp—c=157 Hz, CH,-P), 33.6 and 33.2
(CH,-CH-NH), 28.3, 28.1, 22.2, 13.9; *'P NMR (CDCl;,
162 MHz) 0: 25.8 and 24.9; IR (film) v: 3454, 3066, 2925,
1712, 1245, 1180, 1142, 1039 cm™'; HRMS (ESI) calcd for
CH3oN,O-P [M+H]" 459.2255, found 459.2254.

i % 4s: 81 mg, 77K 77%, LEHIRY). '"HNMR
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(CDCls, 400 MHz) d: 5.88 (s, 1H), 5.27~5.09 (m, 1H,
NH), 4.16~4.06 (m, 4H), 3.99 (br s, 1H), 3.53 (br s, 1H),
1.81 (br s, 2H), 1.46 (s, 9H), 1.41 (s, 9H), 1.31~1.28 (m,
6H), 0.91~0.88 (m, 3H); °C NMR (CDCl;, 100 MHz) o:
155.0, 154.5, 80.9, 79.2, 67.8~65.8 (m, NH-CH), 62.4~
62.1 (m, P-O-CH,), 39.0 (d, 'Jp—c=154 Hz, CH,-P),
28.29, 28.26, 27.1, 16.4~16.3 (m, P-O-CH,-CH;), 10.4;
3'P NMR (CDCls, 162 MHz) : 25.7 and 24.8; IR (film) v:
3308, 2927, 1722, 1242, 1144, 1054, 1029 cm™'; HRMS
(ESI) caled for CisHisN,O,P [M+H]" 425.2411, found
425.2412.

i i 4t: 92 mg, 7= 87%, FTLEMIIRY). '"H NMR
(CDCls, 400 MHz) &: 5.92 (br s, 1H), 5.28~5.03 (m, 1H,
NH), 4.03~4.01 (m, 5H), 3.52 (br s, 1H), 1.79 (br s, 2H),
1.60 (br s, 4H), 1.44 (s, 9H), 1.39 (s, 9H), 1.35~1.33 (m,
4H), 0.90~0.88 (m, 9H); *C NMR (CDCl;, 100 MHz) §:
155.0, 154.6, 80.9, 79.2, 67.8 (br s, NH-CH), 66.1~65.8
(m, P-O-CH,), 38.7 (d, 'Jp-c=163 Hz, CH,-P), 32.5~
32.4 (m, P-O-CH,-CH,), 28.3, 28.2, 27.1, 18.6, 13.5, 10.3;
3'P NMR (CDCls, 162 MHz) ¢: 23.8 and 23.2; IR (film) v:
3307, 2963, 1721, 1242, 1146, 1069, 1026 cm™'; HRMS
(ESI) caled for C,HuN,O,P [M+H]" 481.3037, found
481.3037.

i —f% 4u: 108 mg, P 94%, LRy, 'H
NMR (CDCls, 400 MHz) 6: 7.35~7.26 (m, 5H), 5.81 (br
s, 1H), 5.37~5.02 (m, 3H), 4.06~4.04 (m, 5H), 3.62 (br
s, 1H), 1.83 (br s, 2H), 1.41 (s, 9H), 1.23 (br s, 6H), 0.9 (br
s, 3H); “C NMR (CDCly, 100 MHz) d: 155.4, 155.0,
136.2, 128.4, 128.1, 127.9, 79.6, 67.6, 68.7 and 66.2
(N-CH-NH), 62.3 (d, *Jp-c=5 Hz, P-O-CH,), 42.9 (d,
'Jo—c=158 Hz, CH,-P) and 40.0 (d, 'Jp—c=160 Hz,
CH,-P), 28.3, 27.2 and 26.6 (CH,-CH-NH), 16.3 (d, *Jp ¢
=6 Hz, P-O-CH,-CH;), 10.4; *'P NMR (CDCl;, 162
MHz) 6: 23.2 and 22.4; IR (film) v: 3342, 3063, 2927,
1705, 1240, 1143, 1028, 965 cm™'; HRMS (ESI) calcd for
C,H3N,O-P [M+H]" 459.2255, found 459.2255.

i —Ji% 4v: 99 mg, 77E 92%, FLEIHIRY). '"H NMR
(CDCls, 400 MHz) d: 7.31~7.24 (m, 5H), 5.73 (s, 1H),
5.29~4.97 (m, 3H), 3.97~3.95 (m, 1H), 3.64~3.62 (m,
7H), 1.76 (br s, 2H), 1.37 (s, 9H), 0.85 (br s, 3H); “*C
NMR (CDCls, 100 MHz) 0: 155.6, 155.0, 136.1, 128.5,
128.1, 128.0, 79.7, 67.7, 68.8 and 66.4 (N-CH-NH), 52.8
(d, *Jo—c=4 Hz, P-O-CH; ), 422 (d, 'Jp—c=154 Hz,
CH,-P) and 39.5 (d, 'Jp-c=153 Hz, CH,-P), 28.3, 27.2
and 26.5 (CH,-CH-NH), 10.4; *'P NMR (CDCl;, 162
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MHz) d: 25.7 and 24.8; IR (film) v: 3521, 3079, 2925,
1723, 1221, 1142, 1075 cm!; HRMS (ESI) calcd for
C1oH3N,O,P [M+H]" 431.1942, found 431.1942.

i —f% 4w: 116 mg, F=F 90%, LRy, 'H
NMR (CDCls, 400 MHz) &: 7.35~7.26 (m, 5H), 5.86 (br
s, 1H), 5.40~5.04 (m, 3H), 4.00~3.98 (m, 5H), 3.63 (br
s, 1H), 1.87 (br s, 2H), 1.58~1.56 (m, 4H), 1.42 (s, 9H),
1.34~1.25 (m, 4H), 0.90~0.88 (m, 9H); *C NMR
(CDClLs, 100 MHz) 0: 155.0, 154.4, 136.2, 128. 5, 128.1,
127.9, 79.6, 68.7, 67.7~67.5 (m, NH-CH-N), 66.2~66.0
(m, P-O-CH,), 42.7 (d, 'Jo—c=164 Hz, CH,-P) and 39.8
(d, Jo—c=167 Hz, CH,-P), 32.5 (d, *Jp—c=2 Hz
P-O-CH,-CH,) and 32.4 (d, *Jp—c=2 Hz, P-O-CH,-CH,),
28.3, 27.1 and 26.5 (CH,-CH-NH), 18.6 (d, “/»_c=2 Hz,
P-O-CH,-CH,-CH,), 13.6, 10.4; *'P NMR (CDCl;, 162
MHz) J: 23.3 and 22.5; IR (film) v: 3451, 3064, 2926,
1710, 1240, 1179, 1075, 1025 cm™'; HRMS (ESI) calcd
for C,sHuN,O,P [M+H]" 515.2881, found 515.2882.

HBhM &L (Supporting Information) Hi{t&71% 4 4
(RIAZ RV B 3 A LT DA 4 2 AR 1) I 35 (http://sioc-
journal.cn/) | N #K.
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