TESTOSTERONE AND ESTERS* Latest Revision: June 23, 2005

*QOther esters of testosterone have been synthesized and identified; however, only the following are treated in
this monograph:
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1. SYNONYMS

CFR:

CAS #:

Other Names:

2—0

CH; ||

CH3

A\

Testosterone Undecanoate

The Anabolic Steroid Control Act (ASCA) of 1990 amended the Controlled
Substances Act to list anabolic steroids as a Schedule 111 substance.
Subsequently, the ASCA of 2003 and 2004 were adopted to clarify the
definition of anabolic steroid, listing testosterone and “any salt, ester, or
ether of a drug or substance described in this paragraph.”

Testosterone 58-22-0
Testosterone cypionate 58-20-8
Testosterone decanoate 5721-91-5
Testosterone enanthate 315-37-7
Testosterone isocaproate 15262-86-9
Testosterone phenylpropionate 1255-49-8
Testosterone propionate 57-85-2
Testosterone undecanoate 5949-44-0
Testosterone:

17B-Hydroxyandrost-4-ene-3-one
4-Androsten-17p3-ol-3-one
trans-Testosterone
Androst-4-en-173-ol-one

Andro

Androderm

Androlin

Testoderm

Testred

Testosterone cypionate:
17B-Hydroxyandrost-4-ene-3-one cyclopentanepropionate
Testosterone cyclopentylpropionate



Depo-Testosterone
depAndro
Virolon

Testosterone decanoate:
17B-Hydroxyandrost-4-ene-3-one decanoate
Testosterone caprate

Testosterone enanthate:
17B-Hydroxyandrost-4-ene-3-one enanthate
17B-Hydroxyandrost-4-ene-3-one-17-enanthate
Testosterone heptanoate

Andro LA

Delatestryl

Testinon

Testo-Enant

Testosterone isocaproate:
17B-Hydroxyandrost-4-ene-3-one isocaproate
Testosterone 4-methylvalerate

Testosterone phenylpropionate:
17B-Hydroxyandrost-4-ene-3-one Phenylpropionate
Testosterone phenpropionate

Testosterone hydrocinnamate

Retandrol

Testosterone propionate:
17B-Hydroxyandrost-4-ene-3-one propionate
Testosterone-17-propionate
17-(1-Oxopropoxy)-(17p)-androst-4-en-3-one

Testosterone undecanoate:
17B-Hydroxyandrost-4-ene-3-one undecanoate
4-Androsten-17p-o0l-3-one undecanoate
17-[(1-Oxoundecyl)oxy]-androst-4-en-3-one

2. CHEMICAL AND PHYSICAL DATA

2.1. CHEMICAL DATA
COMPOUND

Testosterone
Testosterone cypionate

Testosterone decanoate

Chemical Formula Molecular Weight
C19H230, 288.4
C27H4003 412.6

Co9H4603 442.6

Melting Point (°C)
154
101-102
48-54



Testosterone enanthate
Testosterone isocaproate

Testosterone
phenylpropionate

Testosterone propionate

Testosterone undecanoate

2.2. SOLUBILITY

COMPOUND A
testosterone (T) S
T. cypionate FS
T. decanoate VS
T. enanthate VS
T. isocaproate S
T. phenylpropionate FS
T. propionate FS
T. undecanoate VS

C26H14003
Ca5H3803
C2sH3603

C22H3,03
C30H4s03

C
VS
FS
VS
VS
VS

S
VS
VS

E
PS
FS
VS
VS
VS
PS
FS
VS

H
SS
PS
VS
S
PS
I
PS
VS

400.5
386.5
420.5

344.4
456.6

M
FS
FS
VS
VS

S

S
FS
VS

36-37
77-79
116

120
61

A = acetone, C = chloroform, E = ether, H = hexane, M = methanol and W = water, VS = very soluble, FS =
freely soluble, S = soluble, PS = sparingly soluble, SS = slightly soluble, VSS = very slightly soluble and | =

insoluble

3. SCREENING TECHNIQUES

3.1. COLOR TESTS

COMPOUND

Testosterone

Testosterone
cypionate

Testosterone
decanoate

Testosterone
enanthate

Testosterone

SULFURIC ACID

N/R
N/R

slow orange

N/R

slow orange

MANDELIN’S

faint orange

faint orange

slow orange



isocaproate

Testosterone N/R faint aqua
phenylpropionate

Testosterone N/R N/R
propionate

Testosterone N/R N/R
undecanoate

3.2. CRYSTAL TESTS

Currently, there are no reliable crystal tests.
3.3. THIN-LAYER CHROMATOGRAPHY
Visualization

Sulfuric acid: ethanol spray (1:9)

RELATIVE R1
COMPOUND SYSTEM TLC19
testosterone 1.00
testosterone undecanoate 0.17
testosterone decanoate 0.22
testosterone cypionate 0.35
testosterone enanthate 0.40
testosterone isocaproate 0.50
testosterone phenylpropionate 0.55
testosterone propionate 0.72
3.4. GAS CHROMATOGRAPHY
Method Test-GCS1
Instrument: Gas chromatograph operated in split mode with FID
Column: 5% phenyl/95% methyl silicone 12 m x 0.2 mm x 0.33 um film
thickness
Carrier gas: Helium at 1.0 mL/min

Temperatures: Injector: 250°C



Detector: 280°C

Oven program:

1) 180°C initial temperature for 2.0 min
2) Ramp to 280°C at 25°C/min

3) Hold final temperature for 12.0 min

Injection Parameters: Split Ratio = 60:1, 1 pL injected

Samples are to be dissolved in appropriate solvent (chloroform) and filtered.

COMPOUND RRT
testosterone 1.0 (5.81 min.)
testosterone propionate 1.1
testosterone isocaproate 1.3
testosterone enanthate 1.5
testosterone cypionate 1.9
testosterone phenylpropionate 2.2
testosterone decanoate 2.3
testosterone undecanoate 2.6

3.5 HIGH PERFORMANCE LIQUID CHROMATOGRAPHY

Method Test-LCS1

Instrument: High performance liquid chromatograph equipped with diode array
Column: Phenomenex Aqua C-18 5 um; 150 mm x 4.6 mm

Detector: UV, 240 nm

Flow: 1.0 mL/min

Injection Volume: 5.0 uL

Buffer: 90:10 MeOH:H,0

Mobile Phase: 90:10 MeOH:H,0

Samples are to be dissolved in methanol and filtered with a 0.45-micron filter.



COMPOUND RRT

testosterone 1.00 (2.9 min)
testosterone propionate 1.62
testosterone phenylpropionate 2.47
testosterone isocaproate 2.86
testosterone enanthate 3.45
testosterone cypionate 3.79
testosterone decanoate 8.11
testosterone undecanoate 10.65

3.6 NUCLEAR MAGNETIC RESONANCE SPECTROSCOPY

Sample preparation:

Use ca. 5 to 10 mg of sample for proton NMR and 30 mg for carbon NMR. Dissolve sample in chloroform-d
(CDCl3) with the internal reference standard tetramethylsilane (TMS). Filter all preparation solutions before
analysis.

Method Test-NMRS1

Instrument: 400 MHz Nuclear magnetic resonance
spectrometer

Probe: 5 mm indirect detection gradient NMR probe

Parameters 'H NMR:

Observed frequency: 400.1 MHz
Pulse angle: 30°

Acquisition time: 1.995s
Acquisition delay: 1.000 s
Spectral window: 6410 Hz
Transmitter power: 57 dB
Variable temperature set @: 25°C
Number of transients: 16

BC NMR:

Observed frequency: 100.6 MHz
Pulse angle: 45°

Acquisition time: 1.202 s
Acquisition delay: 1.000 s

Spectral window: 25062 Hz
Transmitter power: 61 dB
Decoupler: on

Decoupler modulation mode: Waltz



Decoupler modulation frequency: 10100 Hz
Variable temperature set @: 25°C
Number of transients: 1024

4. SEPARATION TECHNIQUES

Testosterone and its esters are generally encountered in one of three forms: tablets, suspensions or dissolved in
oils. Isolation from tablets is achieved by direct extraction with chloroform or methylene chloride. Following
evaporation of the solvent, the residue may be suitable for infrared identification or mass spectrometer
identification in the case of multi-entity preparations. Isolation of the steroid(s) from suspensions is achieved
by separating the liquid and drying the resultant powder. The powder is then analyzed similarly as above.
Testosterone and its esters, when dissolved in an oil matrix, are impossible to identify by infrared and can cause
fouling of other types of instrumentation. Solid-phase extraction is a simple and effective means to isolate the
steroid(s) for identification. Approximately five to seven drops of the oil solution is dissolved in pet ether or
hexanes and added to a solid-phase extraction cartridge filled with silica. After washing the cartridge with the
same solvent, the steroid(s) are eluted from the cartridge with acetone and analyzed as above.

5. QUANTITATIVE PROCEDURES
5.1 HIGH PERFORMANCE LIQUID CHROMATOGRAPHY
Method Test-LCQ1

Standard Solution Preparation:
Accurately weigh and prepare a standard solution of the appropriate testosterone ester at approximately 0.5
mg/mL using methanol.

Sample Preparation:

For powder or other solid dosage forms, accurately weigh an amount of sample into a volumetric flask and
dilute with methanol. For aqueous suspensions, insure that the sample is well mixed, then pipette an aliquot
into a volumetric flask and dilute with methanol. If necessary, dilute the sample so the final concentration
approximates the standard concentration. Filter sample with a 0.45-micron filter. (Recovery studies have not
been performed for steroids dissolved in oil matrices, so this method is not validated for testosterone and/or its
esters dissolved in oil. Literature suggests that quantitative recoveries can be obtained by multiple extractions
with methanol [Walters, et al].)

Instrument: High performance liquid chromatograph equipped with diode array
Column: Phenomenex Aqua C-18 5 um; 150 mm x 4.6 mm

Detector: UV, 240 nm

Flow: 1.00 mL/min

Injection Volume: 5.0 puL

Buffer: 90:10 MeOH:H,0O



Mobile Phase: 90:10 MeOH:H,0

Typical Retention Time: Testosterone: 2.9 min.
Testosterone enanthate: 10.0 min
Testosterone cypionate: 11.0 min
Testosterone propionate: 4.7 min

Linear Range: 0.25 - 1.0 mg/mL

Repeatability: RSD less than 0.5%

Correlation Coefficient: 0.9999

Accuracy: Error less than 5%

COMPOUND RRT

testosterone 1.00 (2.9 min)
testosterone propionate 1.62
testosterone enanthate 3.45
testosterone cypionate 3.79

6. QUALITATIVE DATA

See spectra on the following pages for FT-IR, Mass Spectrometry, Nuclear Magnetic Resonance, and Vapor
Phase IR.
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http://en.wikipedia.org/wiki/Testosterone

Transmission IR: Testosterone
16 scans, 4.0 cm-1 resolution
Sample in Potassium Bromide matrix
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MS (El): Testosterone
Quadrupole Detector
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NMR (PROTON): Testosterone

10 mg/mL in CDCI3 with TMS, 400 MHz

INDEX

857
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542
[EL}
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2292,
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NMR (CARBON): Testosterone
50 mg/mL in CDCl3 with TMS, 100 MHz

8188.555 &1.488
7778.937 77.318

21 1745.765 17.352

22 1106.346  10.996
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Transmission IR: Testosterone cypionate

16 scans, 4.0 cm™ resolution, sample in potassium bromide matrix
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MS (El): Testosterone cypionate
Quadrupole Detector
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NMR (PROTON): Testosterone cypionate
10 mg/mL in CDCI3 with TMS, 400 MHz

INDEX FREQUENCY PPM HEIGHT
1 2292.480 5.730 a4.5
2 1843 .687 4.608 19.4
3 855.885 2.38% 19.6
L} 832.408 2.330 29.5
5 924.974 2.312 4z.8
13 917.148 2.292 a4z.1
7 704.686 1.761 as5.4
8 685.514 1.713 21.8
9 663.602 1.6858 20.3
10 655.777 1.639 30.4
11 652.255 1.630 24.3
1z 648.342 1.620 31.8
13 6843.647 1.608 30.9
14 640.9508 1.802 29.5
15 637.387 1.583 1%.1
16 632.691 1.581 20.2
17 622.518 1.556 20.0
18 608.824 1.522 19.2
19 a477.355 1.193 166.2
20 336.105 0.840 163.5
21 0.000 0.000 31.4
|
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50 mg/mL in CDCl3 with TMS, 100 MHz
INDEX FREQUEMCY PFPH HETI
1 20059.19 199.377
17501.807 173.958
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Transmission IR: Testosterone decanoate

16 scans, 4.0 cm™ resolution, sample in potassium bromide matrix
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MS (EI): Testosterone decanoate
Quadrupole Detector
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NMR (PROTON): Testosterone Decanoate
10 mg/mL in CDCI3 with TMS, 400 MHz

INDEX FREQUENCY PPH
2291.897
52

22 335.714  0.839

10 3 8 7 5 5 a 3 2 o

NMR (CARBON) Testosterone decanoate
50 mg/m: in CDClI3 with TMS, 100 MHz

INDEX FREQUENCY
1

20048.060

17482.017
3 17185.253
a 12482.277
s 8256.2a8
5 7779.551
7 7747 618
8 7715.590
) 5396.933
10 504%.020
11 4268.251
12 3876.402
13 3878.330
14 3584.80;
15 3555.184
16 3469.213
17 3405.539
18 3286.222
19 3136.542
20 3181.359
21 2952.554
22 2835.631
23 2934.675
24 2922.533
25 2760.087
26 2518.690
27 2955.681
28 2271.929
28 2058.343
0 1742.363
31 1411.085
a2 1204.357




Transmission IR: Testosterone enanthate

16 scans, 4.0 cm-1 resolution, sample in potassium bromide matrix
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Mass Spectrum (EI): Testosterone enanthate
Quadrupole Detector
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NMR (PROTON): Testosterone enanthate
10 mg/mL in CDCI3 with TMS, 400 MHz

INDEX ~ FREQUENCY PPN HEIGHT

1 2908.737 7.270

2 2292.871

3 1845.252

4 955.885
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NMR (CARBON): Testosterone enanthate
50 mg/mL in CDCl3 with TMS, 100 MHz

INDEX FREQUENCY PPM HET
1 20061.366 159.405
z 17491.864 173.85%
3 17195.483 170.914
a 12468969 123.935
s 8263.990 B2.140
6 7779.550 77.324
7 7747.618  77.007
8 7715.685 76.690
1 5402.669 53.700

10 5054.947 50.243
11 4275.656 42.438
12z 3883.190 38.597
13 9685.858 36.635
14 3590.825 35.691
15 3562.047 35.405
15 3476.861 34.558
17 3411.658 33.910
18 3292.531 32.726
13 3167.085 31.47%
20 $163.080 31.433
21 2895.954 28.784
22 2766.407 27.497
23 2820.793  25.055
24 2361.990 23.477
25 2260.838 22.471
26 2064.653 20.522
27 1749.055 17.385
28 1408.685 14.002
29 1211.076 12.037
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Transmission IR: Testosterone isocaproate
16 scans, 4.0 cm™ resolution, sample in potassium bromide matrix
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MS (El): Testosterone isocaproate
Quadrupole Detector
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NMR (PROTON): Testosterone isocaproate
10 mg/mL in CDCI3 with TMS, 400 MHz

INDEX FREQUENCY PPN HEIGHT
1 2293.262 5.731 34.4
2 1844.470 4.610 15.6
3 956.667 19.4
L] 848.450 15.7
s 943,755 19.5
6 941.016 14.8
7 $30.060 30.1
L) 922.235 47.4
9 917.148 17.8
10 914.801 30.0
11 642.082 16.1
12 635.430 18.2
13 630.344 20.8
14 623.301 26.2
15 618.214 27.8
16 610.780 3%.1
17 31.6
18 153.7
19 16.3
20 165.5
21 159.9
22 148.9%
1 ) L“__‘_L
10 8 7 6 5 a4 3 2 1 ppm
50 mg/mL in CDCl3 with TMS, 100 MHz
INDEX FREQUENCY PPN HEI
1 20059.385 19%.379
k3 17502.084 173.961
3 17197.682 170.935
L] 12460.556 123.851
5 B8260.644 82.106
6 7779.646 77.325
7 T7747.714 77.008
L3 T7715.685 76.690
k] 5396.360 53.637
0 $048.446 50.179
11 4268.868 42.430
1z 38.538
13 36,566
14 35.617
15 35.331
16 33.843
17 32.689
18 32.538
13 31.417
20 27.577
21 27.423
2z 23.408
23 22.175
za 22.185
25 20.4864
26 17.321
27 1205.33% 11.9%80
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Transmission IR: Testosterone phenylpropionate
16 scans, 4.0 cm™ resolution, sample in potassium bromide matrix
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IR (ATR, 3-bounce diamond device): Testosterone phenylpropionate
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MS (El): Testosterone phenylpropionate
Quadrupole Detector
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NMR (PROTON): Testosterone phenylpropionate

10 mg/mL in CDCI3 with TMS, 400 MHz

FREQUENCY
2911.476
2!

|

/

160.7
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v - T —d
== = T T T L T T T
10 6 5 3 2 1 ppm
50 mg/mL in CDCl3 with TMS, 100 MHz

1 20051.259 199.288
2 17383.637 172.784
3 17185.827 170.818
4 14127.269 140.417
5 12815.262 128.371
& 12897.192 128.191
7 12690.395 126.136
8 12461.608 123.862
L] 8287.797 82.376
10 7779.646 77.32%
1z 7715.590 76.683
13 5383.386 $3.607
14 5045.100 S50.146
15 4266.765 4z.409
16 3875.160 38.517
17 3670.370 36.481
18 3613.866 35.920
18 3583.272 35.616
20 3551.817 35.303
21 3405.252 33.846
22 3284.405 32.845
23 3159.447 31.403
24 3118.04% 30.992
25 2753.309 27.368
26 2353.088 23.38%
27 2054.815 20.422
28 1741.694 17.311
29 1198.743 11.915
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Transmission IR: Testosterone propionate

16 scans, 4.0 cm™ resolution, sample in potassium bromide matrix
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MS (El): Testosterone propionate
Quadrupole Detector
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IR (Vapor Phase): Testosterone propionate
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NMR (PROTON): Testosterone propionate
10 mg/mL in CDCI3 with TMS, 400 MHz

INDEX  FREQUENCY PPN HEIGHT
1 2292.871 5.731 31.:
2 1846.035 4.614 18.1
3 $56.276 2.330 18.65
a 945.320 2.363 15.0
s 941.799 2.354 24.4
6 933.973 2.334 43.3
? 926.533 2.316 51.5
8 919.105 2.297 27.2
] 691.774 1.729 35.5
10 622.518 1.556 14.8
1 477.355  1.183 159.3
12 463.269 1.158 s2.9
13 455.835 1.13% 104.8
14 448.401 1.121 a8.8
15 423.359  1.058 14.8
16 336.105 0.840 154.1
17 0.000 0.000 27.0
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NMR (CARBON): Testosterone propionate
50 mg/mL in CDCl3 with TMS, 100 MHz

INDEX FREQUENCY PPN HEIGHT
1 20058.293 199.368 8.6
2 17550.718 174.444 9.4
3 17192.383 170.883 10.3
4 12466.730 123.912 41.3
s B268.444 82.1B4 37.7
& F778.841 77.317 4z2.1
7 7746.908 77.000 43.2
8 7714.880 76.682 42.9
L] 5400.526 53.678 38.0
10 5054.142 50.235 37.5
11 4274.660 42.488 22.2
12 3881.143 38.576 21.a
13 3683.714 36.614 az.s
1a 3588.968 35.872 37.9
15 3559.712 35.382 38.1
16 5409.610 33.830 ar.7
17 3290.388 az.o
18 3165.528 36.7
19 2792.850 32.6
z0 2765.793 3zr.s
z1 2359.082 38.1
22 2062.319 36.5
23 1747.007 3%.3
249 1205.49%0 34.3
25 927.944 26.7
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Transmission IR: Testosterone undecanoate
16 scans, 4.0 cm™ resolution, sample in potassium bromide matrix
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IR (ATR 3-bounce diamond device): Testosterone undecanoate
16 scans, 4.0 cm™ resolution
100-
%0 (L
80-
8 70 1379
§ ] 2850 1247
S ] 2912
g 60 1738666
i
| 1168
40
30
]
4000 3000 2000 1500 1000
Wavenumbers (cm-1)

MS (El): Testosterone undecanoate
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NMR (PROTON): Testosterone undecanoate
10 mg/mL in CDCI3 with TMS, 400 MHz

INDEX  FREQUENCY PPN HEIGHT
1 2888.520 7.272 17.
z 2292.871 5.731 4.6
3 1845.644  4.613 19.3
4 955.885 2.389 19.3
5 345,320 2.363 16.9
[} 924.974 2.312 29.6
? 317.540 £.293 $6.3
8 910.105 2.275 31.9
3 678.471 1.696 26.3

10 552,647 1.631 17.9

11 544.430 1.611 24.8
12 639.343 1.598 23.3
13 531.351 1.328 18.5
14 519.613 1.29% 50.9
15 515,309 1.288 61.1
16 504.745 1.261 166.5
17 a77.355 1.193 161.7
18 358.799  0.897 29.1
13 352.539  0.881 76.9

20 345.436  0.863 33.3

21 335.323 0.838 162.1

22 0.000 8.000 39.7
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50 mg/mL in CDCl3 with TMS, 100 MHz
i 20058.672 199.382
2 17490.812 173.843
3 17183.083 170.850
a 12468.300 123.328
5 B262.460 82.124
& 7778.977 77.319
? 7747.044 77.001
a8 7715.111 76.684
3 5401.905 S53.692
10 5054.183 50.236
11 4274.851 42.4%0
iz 3882.13% 38.586
13 3685.183 36.628
14 3590.060 35.683
15 3561.282 35.397
16 3475.810 34.548
17 3410.606 33.%00
18 F291.671 32.717
13 3206.007 31.866
20 3166.331 31.472
21 2965.954 29.520
22 2862.114 29, 442
23 2944.618 29.268
24 28540.603 29,228
25 2828.270 29.105
26 2765.451 27.487
27 2524.235 25.080
28 2361.034 23.467
23 2278.23% 22.544
30 2063.793 20.513
31 1747.908 17.373
32 1416.535 14.080
a3 1210.311 12.030

|

J

|

z0

ppm




