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由 α-氨基亚甲基膦酸酯构建偕二胺衍生物 

黄晓丽    任林静    蒲家志    贺春阳    姚秋丽* 
(遵义医学院药学院  遵义 563000) 

摘要  报道了由 α-氨基亚甲基膦酸酯构建膦酸酯的偕二胺衍生物的研究. 在前期的研究中, 磺砜与磷酸二乙酯的反应

主要生成产物 α-氨基亚甲基膦酸酯; 当降低磷酸二乙酯的用量时, 检测到另一副产物——α-氨基亚甲基膦酸酯的偕二

胺衍生物. 研究表明这一类独特的化学结构具有潜在的抗癌活性, 但关于其合成的研究报道很少, 针对这一背景, 进

一步研究了这一类型化合物的合成方法学. 以石油醚作为溶剂, 在氢氧化锂碱性条件下, α-磺酰烷氨基甲酸酯与 α-烷氧

酰胺亚甲基膦酸酯反应, 能以良好至优秀的产率顺利地合成 α-氨基亚甲基膦酸酯的偕二胺衍生物. 该方法操作简便, 

条件温和, 底物适用性广. 
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An Access to the gem-Diamine Derivatives from 
α-Carbamatemethylphosphonate 

Huang, Xiaoli    Ren, Linjing    Pu, Jiazhi    He, Chunyang    Yao, Qiuli* 
(School of Pharmacy, Zunyi Medical University, Zunyi, 563000) 

Abstract  The preparation of gem-diamine derivatives of phosphonates from α-carbamatemethylphosphonates is reported. In 
our earlier work, the reaction of sulfone with dialkylphosphonate gave α-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 α-carbamatemethylphosphonate is provided. The reaction of α-carbamatemethylsulfone with α-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  α-carbamatemethylphosphonate; gem-diamine derivatives; sulfone 

 

α-氨基膦酸是天然氨基酸的结构类似物(图 1), 这

一类型化合物具有特殊的化学性质, 并且具有广泛多样

的生物性质, 如抗菌性、抗 HIV、抗癌活性等等[1～3], 因

此, 其合成及活性研究一直是有机化学领域研究的热 

点[4～6].  

在前期研究 α-氨基亚甲基膦酸酯 3a 由磺砜 1a 与磷

酸二乙酯2a反应合成的过程当中[7], 我们意外地发现将

磷酸二乙酯 2a 的用量由 0.95 equiv.降低至 0.5 equiv.时, 

该反应会以 26%的分离产率生成偕二胺衍生物 4a (Eq. 

1). 化合物 4a 独特的化学结构引起了我们的兴趣 , 

 

图 1  α-氨基酸和 α-氨基膦酸的结构 
Figure 1  Structures of amino acids and their analogue 
α-aminophosphonic acids 

研究表明偕二胺衍生物由于其活泼的偕二胺结构而具

有丰富的生物学活性, 如作为抗癌试剂[8,9]、糖苷酶抑制

剂、糖基转移酶抑制剂[10,11]、HIV-1 蛋白酶抑制剂[12]、 
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鸦片受体抑制剂等[13,14], 其合成[15～17]及活性研究是有

机化学及生物化学的研究热点; 而 α-氨基亚甲基膦酸酯

的偕二胺衍生物可作为激酶抑制剂表现出抗癌活 

性[18,19]; 但是在文献中其合成研究的报道较少, 主要是

对环状的偕二胺[20～22]或二亚胺化合物进行磷酰化[23]或

者醛的缩合反应[24,25]. 基于上述背景, 我们决定进一步

考察 α-氨基亚甲基膦酸酯偕二胺衍生物的合成方法学. 

1  结果与讨论 

我们首先以磺砜 1a 与磷酸二乙酯 2a (0.2 equiv.)的

反应来进行反应条件的筛选(表 1). 以 LiOH 为碱 , 

EtOAc 为溶剂, 在室温下反应 9 h, 与 Eq. 1 结果一致的

是, 进一步降低 2a 的用量能以更高的分离产率(41%)合

成偕二胺衍生物 4a (表 1, Entry 1); 但是将 LiOH 换为碱

性更弱的 K2CO3或碱性更强的 NaOH 或 KOH 均无产物

或只获得＜5%的产率(表 1, Entries 2～4). 将 2a 的用量

降低至 0.14 equiv.或升高至 0.25 或 0.33 equiv.对产率的

影响极少(表 1, Entries 5～7). 将溶剂换为极性更大的

DMF 或中等极性的 CH3CN、丙酮或 THF 等, 产率均降

低(表 1, Entries 8～11); 极性更小的 DCM、DCE、Et2O

或甲苯作为溶剂产率也降低(表 1, Entries 12～15); 而使

用极性很小的正己烷或石油醚时产率分别提高至 47%

和 50%(表 1, Entries 16, 17). 进一步以石油醚为溶剂, 

将反应温度升高至 50 ℃或降低至 0 ℃均使产率降低

(表 1, Entries 18, 19).  

从实验结果我们推测, 偕二胺衍生物 4a 可能是由

中间产物 3a 与 1a 进一步反应而得到的, 因此, 我们用

α-氨基亚甲基膦酸酯 3a (0.25 equiv.)代替磷酸二乙酯 2a

时反应 5 h 后薄层色谱(TLC)显示底物 3a 转化完全, 此

时分离产率能提高至 83% (表 1, Entry 20), 理论上 4a 仍

能继续与一分子或多分子 1a 反应生成三胺基或多胺基

取代的膦酸酯, 不过在此条件下未分离得到这些副产

物.  

在获得以上优化结果的基础上, 我们进一步考察底

物的适用性, 合成其他 α-氨基亚甲基膦酸酯的偕二胺衍 

生物(表 2). 以 Boc 或 Cbz 保护的氨基亚甲基膦酸酯 

表 1  1a 与 2a 反应的条件筛选 a 
Table 1  Condition screening for the reaction of 1a with 2a 

 

Entry Base Solvent Time/h Yieldb/% 

1 LiOH EtOAc 9 41 
2 K2CO3 EtOAc 9 ＜5 
3 NaOH EtOAc 9 ＜5 
4 KOH EtOAc 9 0 
5b LiOH EtOAc 9 41 
6c LiOH EtOAc 9 39 
7d LiOH EtOAc 9 39 
8 LiOH DMF 9 15 
9 LiOH CH3CN 9 13 

10 LiOH CH3COCH3 9 25 
11 LiOH THF 9 32 
12 LiOH DCM 9 14 
13 LiOH DCE 9 27 
14 LiOH Et2O 9 30 
15 LiOH PhCH3 9 36 
16 LiOH n-Hexane 9 47 
17 LiOH Petroleum ether 9 50 
18e LiOH Petroleum ether 9 9 
19f LiOH Petroleum ether 9 20 
20g LiOH Petroleum ether 5 83 

a Reaction conditions: base (2 mmol), 1a (1 mmol), 2a (0.2 mmol), solvent (3 
mL), at room temperature under Ar; isolated yield after column chromatog-
raphy. b 2a (0.14 mmol); c 2a (0.25 mmol); d 2a (0.33 mmol); e at 50 ℃; f at 
0 ℃; g 3a (0.25 mmol) was used instead of 2a. 

3a～3e 均可顺利地与苯磺砜 1a 或 1b 反应, 可获得良好

的产率(49%～87%).  

考虑到使用对甲苯磺酰基(Ts)作为离去基团可能会

由于苯环对位有给电性的甲基取代, 使得底物的活性有

所降低, 从而提高这个底物的稳定性. 因此 Ts 取代的底

物 1c～1f 被用到底物拓展当中(表 3). 令人高兴的是, 

无论是亚甲基磺砜(1c、1d, 产率 41%～86%)还是具有

苯基或丁基或乙基取代的磺砜(1e～1f, 产率 55%～

94%), 该类底物同样能顺利地转化为偕二胺衍生物 4, 

产率普遍优秀, 从实验结果来看, 有苯基或丁基或乙基

取代的磺砜反应的产率普遍比亚甲基磺砜高, 这可能与

反应中间体的稳定性有关[7]. 该反应可能涉及 1 转化为

亚胺中间体, 该中间体继续与 3 反应, 有苯基等取代的

亚胺稳定性比无取代的亚胺要高, 因而前者产率高. 

该反应的机理可能是在碱性条件下底物1的磺砜基

离去形成亚胺中间体, 化合物 3 的酰胺基具有较弱的亲

核性, 其与亚胺中间体反应进而得到最终产物偕二胺 4.  

2  结论 

综上所述, 本研究为 α-氨基亚甲基膦酸酯的偕二胺            
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表 2  苯磺砜 1 与 3 反应合成 4 a 

Table 2  Preparation of 4 by the reaction of phenylsulfones 1 with 3 

 

P
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O
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O
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4g, 6.5 h, 68%

a 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. 

表 3  对甲苯磺砜 1 与 3 反应合成 4 a 
Table 3  Preparation of 4 by the reaction of tolylsulfones 1 with 3 
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a 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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衍生物提供了一种条件温和、操作简便、高产率的合成

方法. 本方法只需要以温和的氢氧化锂作为碱, 使用无

需特殊处理的石油醚作为溶剂, 具有良好的底物适用

性, 为进一步对该类化合物化学及生物学活性的考察奠

定了基础. 

3  实验部分 

3.1  仪器与试剂 

核磁共振仪为 Agilent-NMR-v NMRs 400 型, CDCl3

为溶剂, 以 TMS 为内标; 高分辨质谱仪为 Thermo Sci-

entific LTQ Orbitrap XL 型(ESI-HRMS). 薄层层析板和

硅胶购自青岛海洋化工厂. 氢氧化锂购自阿达玛斯试剂

有限公司. 所用试剂为分析纯级别, 获得后直接使用, 

未纯化.  

3.2  实验操作 

取 25 mL 干燥的圆底烧瓶, 在氩气保护下加入氢氧

化锂(48 mg, 2 mmol)、化合物 1 (271 mg, 1 mmol), 再次

抽换氩气后加入化合物 3 (0.25 mmol)及石油醚(3 mL), 

室温下反应, TLC 显示反应完全之后过滤、浓缩, 通过

快速柱层析纯化[V(石油醚)∶V(乙酸乙酯)＝3∶1 至 1∶

1)得到产物 4. 由于产物 4 的酰胺键具有部分烯醇式的

顺反异构体, 因此该类化合物部分氢、碳以及磷显示不

等价的信号; 对于这些异构体同一个H或C或 P的两个

信号在文中用 and 来表示.  

偕二胺 4a: 82 或 80 mg, 产率 83%或 80%, 无色油

状物. 1H NMR (CDCl3, 400 MHz) δ: 5.55 (br s, 1H), 4.56 

(s, 2H), 4.05～4.00 (m, 4H), 3.70 (d, 2JP—H＝8 Hz, 2H, 

CH2-P), 1.35 (s, 9H), 1.31 (s, 9H), 1.21～1.20 (m, 6H); 13C 

NMR (CDCl3, 100 MHz) δ: 156.0, 154.6 (NHCO), 155.2, 

154.2 (NCO), 80.5, 79.0, 62.0 (d, 2JP—C＝7 Hz, P-O-CH2) 

and 61.8 (d, 2JP — C＝6 Hz, P-O-CH2), 54.0 and 53.3 

(N-CH2-NH), 42.2 (d, 1JP—C＝157 Hz, CH2-P) and 41.3 (d, 
1JP—C＝156 Hz, CH2-P), 28.0, 27.9, 16.1～16.0 (m); 31P 

NMR (CDCl3, 162 MHz) δ: 23.2 and 22.9; IR (film) ν: 

3348, 2927, 1703, 1248, 1154, 1053, 1026, 774 cm－1; 

HRMS (ESI) calcd for C16H34N2O7P [M＋H]＋ 397.2098, 

found 397.2097. 

偕二胺 4b: 70 或 82 mg, 产率 60%或 71%, 无色油

状物. 1H NMR (CDCl3, 400 MHz) δ: 5.54 (br s, 1H), 4.63 

(s, 2H), 4.04～4.02 (m, 4H), 3.78 (d, 2J(P—H)＝8 Hz, 2H, 

CH2-P), 1.61 (br s, 4H), 1.43 (s, 9H), 1.39 (s, 9H), 1.35 (m, 

4H), 0.90～0.88 (m, 6H); 13C NMR (CDCl3, 100 MHz) δ: 

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-CH2) and 65.8 (d, 2JP—C＝

7 Hz, P-O-CH2), 54.5 and 53.8 (N-CH2-NH), 42.6 (d,  

1JP—C＝157 Hz, CH2-P) and 41.8 (d, 1JP—C＝157 Hz, 

CH2-P), 32.53 (d, 3JP—C＝6 Hz, P-O-CH2-CH2) and 32.46 

(d, 3JP—C＝6 Hz, P-O-CH2-CH2), 28.3, 18.6, 13.6; 31P 

NMR (CDCl3, 162 MHz) δ: 23.3 and 23.0; IR (film) ν: 

3353, 2962, 1703, 1248, 1154, 1062, 1025 cm－1. HRMS 

(ESI) calcd for C20H42N2O7P [M＋H]＋ 453.2724, found 

453.2723. 

偕二胺 4c: 82 或 80 mg, 产率 77%或 74%, 无色油

状物. 1H NMR (CDCl3, 400 MHz) δ: 7.33 (br s, 5H), 5.62 

and 5.49 (s, 1H, NH), 5.15 and 5.13 (s, 2H, Ph-CH2), 

4.73～4.71 (m, 2H), 4.11～4.02 (m, 4H), 3.88 (d, 2JP—H＝

8 Hz, 2H, CH2-P), 1.41 (s, 9H), 1.26～1.22 (m, 6H); 13C 

NMR (CDCl3, 100 MHz) δ: 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, 2JP—C＝7 Hz, P-O-CH2) 

and 62.3 (d, 2JP—C＝7 Hz, P-O-CH2), 54.4 and 54.1 

(N-CH2-NH), 43.3 and 41.7 (CH2-P), 28.3, 16.3 (d,  
3JP—C＝5 Hz, P-O-CH2-CH3); 

31P NMR (CDCl3, 162 MHz) 

δ: 23.8 and 23.3; IR (film) ν: 3358, 3063, 2927, 2363, 

1708, 1245, 1158, 1053, 1026 cm－1; HRMS (ESI) calcd 

for C19H32N2O7P [M＋H]＋ 431.1942, found 431.1940. 

偕二胺4d: 87 mg, 产率86%, 无色油状物. 1H NMR 

(CDCl3, 400 MHz) δ: 7.31 (s, 5H), 5.71 and 5.49 (s, 1H, 

NH), 5.12 and 5.11 (s, 2H, Ph-CH2), 4.68 (s, 2H), 3.88 (d, 
2JP—H＝8 Hz, 2H, CH2-P), 3.71 (d, 3JP—H＝12 Hz, 3H, 

OCH3), 3.61 (d, 3JP—H＝12 Hz, 3H, OCH3), 1.38 (s, 9H); 
13C NMR (CDCl3, 100 MHz) δ: 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(CH3)3), 67.9, 54.3 and 

54.0 (N-CH2-NH), 52.82 (d, 2JP—C＝12 Hz, P-O-CH3) and 

52.76 (d, 2JP—C＝14 Hz, P-O-CH3), 42.0 (d, 1JP—C＝156 

Hz, CH2-P), 28.2; 31P NMR (CDCl3, 162 MHz) δ: 25.6 and 

25.0; IR (film) ν: 3348, 3063, 2925, 1705, 1247, 1154, 

1114, 1027 cm－1; HRMS (ESI) calcd for C17H28N2- 

O7P [M＋H]＋ 403.1629, found 403.1628. 

偕二胺 4e: 68 mg 或 100 mg, 产率 56%或 82%, 无

色油状物. 1H NMR (CDCl3, 400 MHz) δ: 7.31 (s, 5H), 

5.69 and 5.54 (s, 1H, NH), 5.13 and 5.10 (s, 2H, Ph-CH2), 

4.70 (s, 2H), 4.01～3.95 (m, 4H), 3.87 (d, 2JP—H＝8 Hz, 

2H, CH2-P), 1.57～1.53 (m, 4H), 1.38 (s, 9H), 1.33～1.21 

(m, 4H), 0.87～0.85 (m, 6H); 13C NMR (CDCl3, 100 

MHz) δ: 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, 2JP — C＝7 Hz, 

P-O-CH2) and 65.9 (d, 2JP—C＝7 Hz, P-O-CH2), 54.4 and 

54.1 (N-CH2-NH), 42.4 (d, 1JP—C＝158 Hz, CH2-P), 32.4 

(d, 3JP—C＝6 Hz, P-O-CH2-CH2), 28.2, 18.6, 13.5; 31P 

NMR (CDCl3, 162 MHz) δ: 22.8 and 22.4; IR (film) ν: 

3391, 3071, 2925, 1707, 1252, 1143, 1075, 1040 cm－1; 

HRMS (ESI) calcd for C23H40N2O7P [M＋H]＋ 487.2568, 

found 487.2567. 

偕二胺4f: 52或56 mg, 产率49%或52%, 无色油状

物. 1H NMR (CDCl3, 400 MHz) δ: 7.31 (br s, 5H), 5.96 (s, 

1H), 5.13 and 5.07 (s, 2H, Ph-CH2), 4.73～4.70 (m, 2H, 

NH-CH2), 4.12～4.09 (m, 4H), 3.81 (d, 2JP—H＝8 Hz, 2H, 

CH2-P), 1.42 (s, 9H), 1.28 (s, 3H), 1.22 (s, 3H); 13C NMR 

(CDCl3, 100 MHz) δ: 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, 2JP—C＝6 Hz, P-O-CH2) and 62.2 (d, 2JP—C＝6 Hz, 

P-O-CH2), 54.9 and 54.3 (N-CH2-NH), 42.9 (d, 1JP—C＝158 

Hz, CH2-P) and 42.0 (d, 1JP—C＝157 Hz, CH2-P), 28.2, 16.4 

(d, 3JP—C＝6 Hz, P-O-CH2-CH3) and 16.3 (d, 3JP—C＝5 Hz, 

P-O-CH2-CH3); 
31P NMR (CDCl3, 162 MHz) δ: 23.4 and 

23.1; IR (film) ν: 3261, 3034, 2979, 1703, 1243, 1157, 

1054, 1028 cm－1; HRMS (ESI) calcd for C19H32N2O7P  

[M＋H]＋ 431.1942, found 431.1942. 

偕二胺 4g: 78 或 61 mg, 产率 68%或 53%, 无色油

状物. 1H NMR (CDCl3, 400 MHz) δ: 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-CH2), 4.08～3.97 (m, 4H), 3.89 (d, 2JP—H＝12 Hz, 

2H, CH2-P), 1.24～1.17 (m, 6H); 13C NMR (CDCl3, 100 

MHz) δ: 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, 2JP—C＝6 Hz, P-O-CH2) and 

62.3 (d, 2JP—C＝6 Hz, P-O-CH2), 54.8 and 54.5 (N-CH2- 

NH), 42.6 (d, 1JP—C＝157 Hz, CH2-P) and 42.5 (d, 1JP—C＝

156 Hz, CH2-P), 16.3 (d, 3JP—C＝3 Hz, P-O-CH2-CH3); 
31P 

NMR (CDCl3, 162 MHz) δ: 22.8 and 22.3; IR (film) ν: 

3358, 3065, 2925, 1712, 1243, 1180, 1054, 1025 cm－1; 

HRMS (ESI) calcd for C22H30N2O7P [M＋H]＋ 465.1785, 

found 465.1783. 

偕二胺 4h: 113 或 81 mg, 产率 87%或 62%, 无色油

状物. 1H NMR (CDCl3, 400 MHz) δ: 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, 2JP—H＝8 

Hz, 2H, CH2-P), 1.59～1.54 (m, 4H), 1.36～1.30 (m, 4H), 

0.91～0.86 (m, 6H); 13C NMR (CDCl3, 100 MHz) δ: 156.8 

and 155.7 (NHCO), 156.2 and 155.3 (NCO), 136.1, 136.0 

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-CH2) and 66.0 (d, 2JP—C＝6 Hz, 

P-O-CH2), 54.9 and 54.6 (N-CH2-NH), 42.6 (d, 1JP—C＝157 

Hz, CH2-P) and 42.6 (d, 1JP—C＝157 Hz, CH2-P), 32.5 (d, 
3JP—C＝6 Hz, P-O-CH2-CH2), 18.6, 13.6; 31P NMR (CDCl3, 

162 MHz) δ: 22.7 and 22.3; IR (film) ν: 3374, 3034, 2925, 

1710, 1242, 1180, 1075, 1027 cm－1; HRMS (ESI) calcd 

for C26H38N2O7P [M＋H]＋ 521.2411, found 521.2410. 

偕二胺 4i: 57或 44 mg, 产率 52%或 41%, 无色油状

物. 1H NMR (CDCl3, 400 MHz) δ: 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, 2JP—H＝8 Hz, 2H, CH2-P), 3.73 (d, 
3JP—H＝8 Hz, 3H, OCH3), 3.64 (d, 3JP—H＝12 Hz, 3H, 

OCH3); 
13C NMR (CDCl3, 100 MHz) δ: 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-CH2O-CON), 67.0, 54.8 and 54.5 (N-CH2-NH), 52.9 

(d, 2JP—C＝6 Hz, P-O-CH3) and 52.8 (d, 2JP—C＝6 Hz, P-O- 

CH3), 41.8 (d, 1JP—C＝157 Hz, CH2-P); 31P NMR (CDCl3, 

162 MHz) δ: 25.5 and 24.9; IR (film) ν: 3347, 3063, 2924, 

1704, 1239, 1186, 1142, 1027 cm－1; HRMS (ESI) calcd for 

C20H26N2O7P
 [M＋H]＋ 437.1472, found 437.1470. 

偕二胺 4j: 54 mg, 产率 54%, 无色油状物. 1H NMR 

(CDCl3, 400 MHz) δ: 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, 2JP—H＝12 

Hz, 2H, CH2-P), 3.75 (d, 3JP—H＝8 Hz, 6H, OCH3), 1.44 (s, 

9H); 13C NMR (CDCl3, 100 MHz) δ: 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-CH2-NH), 53.0～52.8 

(m, P-O-CH3), 42.2 (d, 1JP—C＝158 Hz, CH2-P) and 41.5 

(d, 1JP—C＝154 Hz, CH2-P), 28.2; 31P NMR (CDCl3, 162 

MHz) δ: 26.0 and 25.5; IR (film) ν: 3335, 3058, 2926, 

1703, 1243, 1155, 1030 cm－1; HRMS (ESI) calcd for 

C17H28N2O7P [M＋H]＋ 403.1629, found 403.1629. 

偕二胺 4k: 61 mg, 产率 55%, 无色油状物. 1H NMR 

(CDCl3, 400 MHz) δ: 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, 3JP—H

＝12 Hz, 3H, OCH3), 3.69 (d, 3JP—H＝8 Hz, 3H, OCH3), 

3.23 (br s, 1H), 1.46 (s, 9H), 1.39 (s, 9H); 13C NMR 

(CDCl3, 100 MHz) δ: 155.0, 154.6, 138.3, 128.5, 127.8, 

126.2, 81.7, 79.7, 66.4, 53.0 (d, 2JP—C＝5 Hz, P-O-CH3) 

and 52.7 (d, 2JP—C＝5 Hz, P-O-CH3), 39.6 (d, 1JP—C＝168 

Hz, CH2-P), 28.4, 28.1; 31P NMR (CDCl3, 162 MHz) δ: 

26.4 and 26.0; IR (film) ν: 3348, 3061, 2962, 1710, 1246, 

1160, 1064, 1024 cm－1; HRMS (ESI) calcd for C20H34N2- 
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O7P [M＋H]＋ 445.2098, found 445.2098. 

偕二胺 4l: 84 mg, 产率 70%, 无色油状物. 1H NMR 

(CDCl3, 400 MHz) δ: 7.33～7.26 (m, 10H), 6.88～6.77 

(m, 2H), 5.18 (s, 2H), 4.05 (br s, 1H), 3.64 (d, 3JP—H＝12 

Hz, 6H, OCH3), 3.25 (br s, 1H), 1.46 (s, 9H); 13C NMR 

(CDCl3, 100 MHz) δ: 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-CH3), 40.0 (d, 1JP—C＝

164 Hz, CH2-P), 28.4; 31P NMR (CDCl3, 162 MHz) δ: 25.8 

and 25.0; IR (film) ν: 3329, 3063, 2925, 2359, 1705, 1247, 

1143, 1091, 1029 cm－1; HRMS (ESI) calcd for C23H32N2- 

O7P
 [M＋H]＋ 479.1942, found 479.1941. 

偕二胺 4m: 84 mg, 产率 73%, 无色油状物. 1H 

NMR (CDCl3, 400 MHz) δ: 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, 3JH—H＝12 Hz, 

3H); 13C NMR (CDCl3, 100 MHz) δ: 154.9, 154.6, 80.9, 

79.2, 64.4 (m, N-CH-NH), 62.4～62.1 (m, P-O-CH2), 38.6 

(d, 1JP—C＝160 Hz, CH2-P), 33.6, 28.29, 28.26, 28.0, 22.2, 

16.40～16.38 (m, P-O-CH2-CH3), 13.9; 31P NMR (CDCl3, 

162 MHz) δ: 23.9 and 23.2; IR (film) ν: 3372, 2925, 1702, 

1247, 1180, 1068, 1029 cm－1; HRMS (ESI) calcd for 

C20H42N2O7P [M＋H]＋ 453.2724, found 453.2724. 

偕二胺 4n: 100 mg, 产率 79%, 无色油状物. 1H 

NMR (CDCl3, 400 MHz) δ: 5.95 (br s, 1H, NH), 5.40～

5.14 (m, 1H, NH-CH), 4.06～3.99 (m, 5H P-O-CH2 and 

P-CH2), 3.55 (br s, 1H, P-CH2), 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); 13C 

NMR (CDCl3, 100 MHz) δ: 154.9, 154.6, 80.9, 79.2, 

66.1～65.9 (m, P-O-CH2), 64.4～64.2 (m, N-CH-NH), 

39.3 (d, 1JP—C＝208 Hz, CH2-P), 33.7, 32.6～32.5 (m, 

P-O-CH2-CH2), 28.32, 28.29, 28.1, 22.3, 18.7, 14.0, 13.6; 
31P NMR (CDCl3, 162 MHz) δ: 23.9 and 23.3; IR (film) ν: 

3305, 2961, 1699, 1244, 1178, 1066, 1024 cm－1; HRMS 

(ESI) calcd for C24H50N2O7P [M＋H]＋ 509.3350, found 

509.3350. 

偕二胺 4o: 70 mg, 产率 66%, 无色油状物. 1H NMR 

(CDCl3, 400 MHz) δ: 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, 3JH—H＝6 Hz, 3H); 13C 

NMR (CDCl3, 100 MHz) δ: 155.0, 154.4, 81.1, 79.4, 

64.9～64.7 (m, NH-CH), 53.0～52.7 (m, P-O-CH3), 38.7 

(d, 1JP—C＝154 Hz, CH2-P), 33.6, 28.30, 28.28, 28.0, 22.2, 

14.0; 31P NMR (CDCl3, 162 MHz) δ: 26.3; IR (film) ν: 

3308, 2927, 1721, 1245, 1179, 1038, 867 cm－1; HRMS 

(ESI) calcd for C18H38N2O7P
＋ [M＋H] 425.2411, found 

425.2410. 

偕二胺 4p: 105 mg, 产率 86%, 无色油状物. 1H 

NMR (CDCl3, 400 MHz) δ: 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); 13C NMR (CDCl3, 100 MHz) δ: 155.7, 

154.8, 136.2, 128.4, 128.1, 128.0, 79.6, 67.6, 64.7, 62.3, 

42.9 (d, 1JP—C＝165 Hz, CH2-P) and 39.8 (d, 1JP—C＝146 

Hz, CH2-P), 33.6 and 33.2 (CH2-CH-NH), 28.3, 28.1, 22.2, 

16.3 (d, 3JP—C＝6 Hz, P-O-CH2-CH3), 14.0; 31P NMR 

(CDCl3, 162 MHz) δ: 23.3 and 22.4; IR (film) ν: 3331, 

3065, 2927, 1708, 1217, 1166, 1028 cm－1; HRMS (ESI) 

calcd for C23H40N2O7P [M ＋ H] ＋  487.2568, found 

487.2563. 

偕二胺 4q: 123 mg, 产率 91%, 无色油状物. 1H 

NMR (CDCl3, 400 MHz) δ: 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); 13C NMR 

(CDCl3, 100 MHz) δ: 155.5, 154.9, 136.2, 128.4, 128.05, 

127.95, 79.5, 67.6, 66.1～65.9 (m, P-O-CH2), 64.6, 42.8 

(d, 1JP—C＝162 Hz, CH2-P) and 39.7 (d, 1JP—C＝142 Hz, 

CH2-P), 33.7 and 33.2 (CH2-CH-NH), 32.5～32.4 (m, 

P-O-CH2-CH2), 28.3, 28.1, 22.2, 18.6, 14.0, 13.6; 31P NMR 

(CDCl3, 162 MHz) δ: 23.3 and 22.5; IR (film) ν: 3303, 

3065, 2960, 1713, 1242, 1174, 1066, 1027 cm－1; HRMS 

(ESI) calcd for C27H48N2O7P [M＋H]＋ 543.3194, found 

543.3195. 

偕二胺 4r: 107 mg, 产率 93%, 无色油状物. 1H 

NMR (CDCl3, 400 MHz) δ: 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); 13C NMR (CDCl3, 100 MHz) δ: 155.5, 

155.0, 136.1, 128.5, 128.1, 128.0, 79.7, 67.7, 65.0, 52.8 (d,  
2JP—C＝6 Hz, P-O-CH3), 42.3 (d, 1JP—C＝162 Hz, CH2-P) 

and 39.6 (d, 1JP — C＝157 Hz, CH2-P), 33.6 and 33.2 

(CH2-CH-NH), 28.3, 28.1, 22.2, 13.9; 31P NMR (CDCl3, 

162 MHz) δ: 25.8 and 24.9; IR (film) ν: 3454, 3066, 2925, 

1712, 1245, 1180, 1142, 1039 cm－1; HRMS (ESI) calcd for 

C21H36N2O7P [M＋H]＋ 459.2255, found 459.2254. 

偕二胺 4s: 81 mg, 产率 77%, 无色油状物. 1H NMR 
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(CDCl3, 400 MHz) δ: 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); 13C NMR (CDCl3, 100 MHz) δ: 

155.0, 154.5, 80.9, 79.2, 67.8～65.8 (m, NH-CH), 62.4～

62.1 (m, P-O-CH2), 39.0 (d, 1JP—C＝154 Hz, CH2-P), 

28.29, 28.26, 27.1, 16.4～16.3 (m, P-O-CH2-CH3), 10.4; 
31P NMR (CDCl3, 162 MHz) δ: 25.7 and 24.8; IR (film) ν: 

3308, 2927, 1722, 1242, 1144, 1054, 1029 cm－1; HRMS 

(ESI) calcd for C18H38N2O7P [M＋H]＋ 425.2411, found 

425.2412. 

偕二胺 4t: 92 mg, 产率 87%, 无色油状物. 1H NMR 

(CDCl3, 400 MHz) δ: 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); 13C NMR (CDCl3, 100 MHz) δ: 

155.0, 154.6, 80.9, 79.2, 67.8 (br s, NH-CH), 66.1～65.8 

(m, P-O-CH2), 38.7 (d, 1JP—C＝163 Hz, CH2-P), 32.5～

32.4 (m, P-O-CH2-CH2), 28.3, 28.2, 27.1, 18.6, 13.5, 10.3; 
31P NMR (CDCl3, 162 MHz) δ: 23.8 and 23.2; IR (film) ν: 

3307, 2963, 1721, 1242, 1146, 1069, 1026 cm－1; HRMS 

(ESI) calcd for C22H46N2O7P [M＋H]＋ 481.3037, found 

481.3037. 

偕二胺 4u: 108 mg, 产率 94%, 无色油状物. 1H 

NMR (CDCl3, 400 MHz) δ: 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); 13C NMR (CDCl3, 100 MHz) δ: 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, 2JP—C＝5 Hz, P-O-CH2), 42.9 (d,  
1JP—C＝158 Hz, CH2-P) and 40.0 (d, 1JP—C＝160 Hz, 

CH2-P), 28.3, 27.2 and 26.6 (CH2-CH-NH), 16.3 (d, 3JP—C

＝6 Hz, P-O-CH2-CH3), 10.4; 31P NMR (CDCl3, 162 

MHz) δ: 23.2 and 22.4; IR (film) ν: 3342, 3063, 2927, 

1705, 1240, 1143, 1028, 965 cm－1; HRMS (ESI) calcd for 

C21H36N2O7P [M＋H]＋ 459.2255, found 459.2255. 

偕二胺 4v: 99 mg, 产率 92%, 无色油状物. 1H NMR 

(CDCl3, 400 MHz) δ: 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); 13C 

NMR (CDCl3, 100 MHz) δ: 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, 2JP—C＝4 Hz, P-O-CH3 ), 42.2 (d, 1JP—C＝154 Hz, 

CH2-P) and 39.5 (d, 1JP—C＝153 Hz, CH2-P), 28.3, 27.2 

and 26.5 (CH2-CH-NH), 10.4; 31P NMR (CDCl3, 162 

MHz) δ: 25.7 and 24.8; IR (film) ν: 3521, 3079, 2925, 

1723, 1221, 1142, 1075 cm－1; HRMS (ESI) calcd for 

C19H32N2O7P [M＋H]＋ 431.1942, found 431.1942. 

偕二胺 4w: 116 mg, 产率 90%, 无色油状物. 1H 

NMR (CDCl3, 400 MHz) δ: 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); 13C NMR 

(CDCl3, 100 MHz) δ: 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-CH2), 42.7 (d, 1JP—C＝164 Hz, CH2-P) and 39.8 

(d, JP — C ＝ 167 Hz, CH2-P), 32.5 (d, 3JP — C ＝ 2 Hz, 

P-O-CH2-CH2) and 32.4 (d, 3JP—C＝2 Hz, P-O-CH2-CH2), 

28.3, 27.1 and 26.5 (CH2-CH-NH), 18.6 (d, 4JP—C＝2 Hz, 

P-O-CH2-CH2-CH2), 13.6, 10.4; 31P NMR (CDCl3, 162 

MHz) δ: 23.3 and 22.5; IR (film) ν: 3451, 3064, 2926, 

1710, 1240, 1179, 1075, 1025 cm－1; HRMS (ESI) calcd 

for C25H44N2O7P [M＋H]＋ 515.2881, found 515.2882. 

 

辅助材料(Supporting Information)  新化合物偕二胺 4

的核磁谱图. 这些材料可以免费从本刊网站(http://sioc- 

journal.cn/)上下载. 
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